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IMMUNOSTIMULATORY NUCLEIC ACID MOLECULES 

The work resulting in this invention was supported in part by National 
Institute of Health Grant No. R29-AR42556-01. The U.S. Government may be entitled to 
certain rights in the invention. 

Field of the Invention 

The present invention relates generally to oligonucleotides and more 
specifically to oligonucleotides which have a sequence including at least one unmethylated 
CpG dinucleotide which are immunostimulatory. 

flaf Ufgrniind " f Invention 

In the 1970's,' several investigators reported the binding of high molecular 
weight DN A to cell membranes (Lerner, R.A., et al. 197 1 . "Membrane-associated DNA in 
the cytoplasm of diploid human lymphocytes". Proc. Natl. Acad. Sci. USA 68:1212; 
Agrawal, S.K., R.W. Wagner, P.K. McAllister, and B. Rosenberg. 1975. "Cell-surface- 
20 associated nucleic acid in tumorigenic cells made visible with platinum-pyrimidine 

complexes by electron microscopy". Proc. Natl. Acad. Sci. USA 72:928). In 1985, Bennett 
et al. presented the first evidence that DNA binding to lymphocytes is similar to a ligand 
receptor interaction: binding is saturable, competitive, and leads to DNA endocytosis and 
degradation into oligonucleotides (Bennett, R.M., G.T. Gabor, and M.M. Merritt. 1985. 
25 "DNA binding to human leukocytes. Evidence for a receptor-mediated association, 
internalization, and degradation of DNA". J. Clin. Invest. 76:2182). Like DNA, 
oligodeoxyribonucleotides (ODNs) are able to enter cells in a saturable, sequence 
independent, and temperature and energy dependent fashion (reviewed in Jaroszewski, J.W., 
and J.S. Cohen. 1991. "Cellular uptake of antisenseoligodeoxynucleotides". Advanced Drug 
30 Delivery Reviews 6:235; Akhtar, S., Y. Shoji, and R.L. Juliano. 1992. "Pharmaceutical 
aspects of the biological stability and membrane transport characteristics of antisense 
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EncKson, « . fic ohgonuc i e otide 

Waldschmidt,E. Fisher, CJ.Herrera, and A.M.Kneg., 1994. g 
Lein^nebonenwrowBcellprecursors". ^,84,660). No receptor for DNA or 

5 

Lymphocyte ODN uptake has been shown to be regulated by cell activation. 
Spleencells stimulated ^B**^!*™*^^™^ 

enhancedODNuptakebyTbutno^^^^ 

W J Kisch L A. Chrisey, and A.D. Steinberg. 1991. "Uptake of oligodeoxynbonucleotrdes 
by uphold cells is heterogeneous and inducible". Antisense ResearcH and Development 



1:161). 
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Several polynucleotides have been extensively evaluated as biological 
response modifiers. Perhaps thebest example is poly (I,Q which is a potent inducer of IFN 
productionas well as a macrophage activator and inducerofNKactivity (Talmadge, LE., J. 
Adams, H. Phillips, M. Collins, B. Lenz, M. Schneider, E. Schlick, R. Ruffmann, R.H. 
Wiltrout andM.A.Chirigos.1985. "Immunomodulatory effects in mice of polymosuuc- 
polycytidylic acid complexed with poly-L-lysine and carboxymethylcellulose". C^ce, ^, 
45-1058; Wiltrout, R.H..R-R. Salup, T.A. Twilley, and J.E. Talmadge. 1985. 
"Immunomodulation of natural killer activity by polyribonucleotides". J. Biol. Resp. Mod. 
4-512- Krown SE 1986. "Interferons and interferon inducers in cancer treatment". Sem. 
Oncol 13:207; andEwel, C.H., SJ. Urba, W.C. Kopp, J.W. Smith II, R.G. Steis, J.L. Rossio, 
D.L. Longo, M.J. Jones, W.G. Alvord, CM. Pinsky, J.M. Beveridge, K.L. McNitt, and S.P. 
Creekmore. 1992. "Polyinosinic-polycytidylic acid complexed with poly-L-lysine and 
carboxymethylcellulose in combination with interleukin-2 in patients with cancer: clinical 
^immunological effects". Cane. Res. 52:3005). It appears that this murine NK action 
may be due solely to induction of IFN- P secretion (Ishikawa, R., and C.A. Biron. 1993. "IFN 
induction and associated changes in splenic leukocyte distribution". J. Immunol. 150:3713). 
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This activation was specific for the ribose sugar since deoxynbose was ineffective. Its potent 
* vitro antitumor activity led to several clinical trials using poly (I,C) complexed with poly- 
L -, y sine and carboxymethylcellulose (to reduce degradation by RNAse) (Talmadge, J.E., et 

at 1985 M^WM^**™^^^^ 1 ™"* 

5 ^ fl ); a ndEwel ) C.H., e ra/.,1992.cited,upr fl ). Unfortunately, toxic side effects have thus 

far prevented poly (I.Q from becoming a useful therapeutic agent. 

Guanine ribonucleotides substituted at the C8 position with either a bromine 
or a thiol group are B cell mitogens and may replace "B cell differentiation factors" 
10 (Feldbush T.L., and Z.K. Ballas. 1985. "Lymphokine-like activity of 8-mercaptoguanosme: 
inductionoflandBcell differentiation". J.Immunol 134:3204; and Goodman, M.G. 1986. 
"Mechanism of synergy between T cell signals and CS-substituted guanine nucleosides m 
humoral immunity: B lymphotropic cytokines induce responsiveness to 8- 
mercaptoguanosine". J. Immunol. 136:3335). 8-mercaptoguanosine and 8-bromoguanosine 
, 5 also can substitute for the cytokine requirement for the generation of MHC restricted CTL 
(Feldbush, T.L., 1 985. cited supra), augment murine NK activity (Koo, G.C., M.E. Jewell, 
C L Manyak, N.H. Sigal, and L.S. Wicker. 1988. "Activation of murine natural killer cells 
and macrophages by 8-bromoguanosine". J. Immunol. 140:3249), and synergize with IL-2 in 
indu cingmurineLAKgcneration(Thompson,R.A.,andZ.K. Ballas. 1990. "Lymphokine- 
20 activated killer (LAK) cells. V. 8-Mercaptoguanosine as an IL-2-sparing agent in LAK 
generation" J. Immunol. 145:3524). The NK and LAK augmenting activities of these C8- 
substituted guanosines appear to be due to their induction of IFN (Thompson, R.A., et al. 
1990 ritBdapm). Recently, a 5' triphosphorylated thymidine produced by a mycobactenum 
was found to be mitogenic for a subset of human Y 5 T cells (Constant, P., F. Davodeau, M, 
25 A Peyrat, Y. Poquet, G. Puzo, M. Bonneville, and J.-J. Fournie. 1994. "Stimulation of 
human Y 6T cells by nonpeptidic mycobacterial ligands" Science 264:267). This report 
indicated the possibility that the immune system may have evolved ways to preferentially 
respond to microbial nucleic acids. 

30 Several observations suggest that certain DN A structures may also have the 

potential to activate lymphocytes. For example, Bell et al. reported that microsomal protein- 
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DNAcompto (bu.no, naked DNA) in .pta ce,l.p«na«U caused B ca.1 ^Ufemuon 

tobeenrepo.ted.ohaveinnnuneeffec.s.Fcrex^le.Me.sina^/.haverecen.ly 
Bee lb CMes !i na,«.,O.S.O i ^n,a^D. S . Ks « K lcy..993. The influent of DNA 

polynncleotide antigens". T »~^^" 
.O-dCtadueesv-.FNandNKaCivi.yCro^S. Yamauto to, and K. Namba. .988. 

7P.-5M). Aside 

DNAha.node^ub.ein^uneefWa.bu.tha.DNAitace^bae.enamducesBceU 

acrivanon and immunoglobulin secretion (Messina, tf, G.S. Giikeson, and D.S. 
1991 "Snmulationofi.Wwmurinelymphc^e^liferanonbybaceenalDNA . / 
rtW7»>. AssumingthattodaBdidnotresultftomsomeunusual 

bacterial DNA renders it capable of triggering B <*!> activation. Investigations of 
mycobacterial DNA sciences have demonstrated mat ODN which contain certarn 
palindrome sequences car, activate NK celis (Yamamoto, S., T. Yamamoto, T. Kafcoka, E. 
K^oto O Yano, and T.Tokunaga. 1992. "Unique palindromic sequences .n synthetic 
ohgonucleondes are required to induce INF and augment ^-mediated natural killer 
.cavity" / H*:*™: Kuramoto, E„ O. Yano, Y. Kimura, M. Baba. T. Makmo, S. 

Yamamoto, T.Y—tcT.Ka^ka, and T.Tokunaga. 1992. "Oligonucleotide sequences 
S required for natural killer cell activation". Jpn. J. Cancer So. 83:112!)- 
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Several phosphorothioate modified ODN have been reported to induce in vi/ro 
or in vivo B cell stimulation (Tanaka, T., CC. Chu, and W.E. Paul. 1992. "An antisense 
oligonucleotide complementary to a sequence in Ig2b increases g 2b germline transcripts, 
stimulates B cell DNA synthesis, and inhibits immunoglobulin secretion". J. Exp. Med. 
5 1 75:597; Branda, R.F. , A.L. Moore, L. Mathews, J J. McCormack, and G. Zon. 1993. 
-Immune stimulation by an antisense oligomer complementary to the rev gene of HIV-1". 
Biochem. Pharmacol 45:2037; Mclntyre, K.W., K. Lombard-Gillooly, JJL Perez, C. 
Kunsch U.M. Sarmiento, J.D. Larigan, K.T. Landreth, and R. Narayanan. 1993. "A sense 
phosphorothioate oligonucleotide directed to the initiation codon of transcription factor NF- 
10 KB T65 causes sequence-specific immune stimulation". Antisense Res. Develop. 3:309; and 
Pisetsky, D.S., and C.F. Reich. 1993. "Stimulation of murine lymphocyte proliferation by a 
phosphorothioate oligonucleotide with antisense activity for herpes simplex virus". Life 
Sciences 54:101). These reports do not suggest a common structural motif or sequence 
element in these ODN that might explain their effects. 

15 

The cAMP response element binding protein (CREB) and activating 
transcription factor (ATF) or CREB/ATF family of transcription factors is a ubiquitously 
expressed class of transcription factors of which 11 members have so far been cloned 
(reviewed in de Groot, R.P., and P. Sassone-Corsi: "Hormonal control of gene expression: 
20 Multiplicity and versatility of cyclic adenosine S'.S'-monophosphate-responsive nuclear 
regulators". Mol. Endocrin. 7:145,1993; Lee, K.A.W., and N. Masson: "Transcriptional 
regulation by CREB and its relatives". Biochim. Biophys. Acta 1174:221, 1993.). Theyall 
belong to the basic region/leucine zipper (bZip) class of proteins. All cells appear to express 
one or more CREB/ATF proteins, but the members expressed and the regulation of mRNA 
25 splicing appear to be tissue-specific. Differential splicing of activation domains can 
determine whether a particular CREB/ATF protein will be a transcriptional inhibitor or 
activator. Many CREB/ATF proteins activate viral transcription, but some splicing variants 
which lack the activation domain are inhibitory. CREB/ATF proteins can bind DNA as 
homo- or hetero- dimers through the cAMP response element, the CRE, the consensus form 
30 of which is the unmethylated sequence TGACGTC (binding is abolished if the CpG is 
methylated) (Iguchi-Ariga, S.M.M., and W. Schaffner. "CpG methylation of the cAMP- 
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responsive enhancer/promoter sequence TGACGTCA abolishes specific factor binding as 
well as transcriptional activation". Genes & Develop. 3:612, 1989.). 

The transcriptional activity of the CRE is increased during B cell activation 
5 (Xie H. T.C. Chiles, and T.L. Rothstein: "Induction of CREB activity via the surface Ig 
receptor of B cells". J. Immunol. /5J:880, 1993.). CREB/ATF proteins appear to regulate 
the expression of multiple genes through the CRE including immunologically important 
genes such as fos, jun B,Rb-l, IL-6, IL-1 (Tsukada, J., K. Saito, W.R. Waterman, A.C. 
Webb andP.E.Auron: "Transcription factors NF-IL6 and CRERreeognize a common 
10 essentialsiteinthehumanprointerleukinlgene". Mol Cell. Biol. 7*7285, 1994; Gray, 
G D., O.M. Hernandez, D. Hebel, M. Root, J.M. Pow-Sang, and E. Wickstrom: "Antisense 
DNA inhibition of tumor growth induced by c-Ha-ras oncogene in nude mice". Cancer Res. 
53:517, 1993), IFN- (Du, W., and T. Maniatis: "An ATF/CREB binding site protein is 
required for virus induction of the human interferon B gene". Proc. Natl. Acad. Sci. USA 
15 59:2150, 1992), TGF-1 (Asiedu, C.K., L. Scott, R.K. Assoian, M. Ehrlich: "Binding of AP- 
1/CREB proteins and of MDBP to contiguous sites downstream of the human TGF-B1 gene". 
Biochim. Biophys. Acta 1219:55, 1994.), TGF-2, class II MHC (Cox, P.M., and C.R. Goding: 
"An ATF/CREB binding motif is required for aberrant constitutive expression of the MHC 
class II DRa promoter and activation by SV40 T-antigen". Nucl. Acids Res. 20:4881, 1992.), 
20 E-selectin, GM-CSF, CD-8, the germline Ig constant region gene, the TCR V gene, and the 
proliferating cell nuclear antigen (Huang, D., P.M. Shipman-Appasamy, D.J. Orten, S.H. 
Hinrichs, and M.B. Prystowsky: "Promoter activity of the proliferating-cell nuclear antigen 
gene is associated with inducible CRE-binding proteins in interleukin 2-stimulated T 
lymphocytes". Mol. Cell. Biol. 7*4233,1994.). In addition to activation through the cAMP 
25 pathway, CREB can also mediate transcriptional responses to changes in intracellular Ca- 
concentration (Sheng, M., G. McFadden, and M.E. Greenberg: "Membrane depolarization 
and calcium induce c-fos transcription via phosphorylation of transcription factor CREB". 
Neuron 4:571, 1990). 



30 



The role of protein-protein interactions in transcriptional activation by 
CREB/ATF proteins appears to be extremely important. There are several published studies 
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reporting direct or indirect interactions between NFKB proteins and CREB/ATF proteins 
(Whitley et al., (1994) Mol & Cell Biol. 14:6464; Cogswell, et al, (1994) J. Immun. 
153-712; Hines, et al, (1993) Oncogene 8:3189; and Du, et al, (1993) Cell 74:887. 
Activation of CREB through the cyclic AMP pathway requires protein kinase A (PKA), 
5 whichphosphorylates^ 

(Kwok R P S J.R. Lundblad, J.C. Chrivia, J.P. Richards, H.P. Bachinger, R.G. Brennan, 
S G E Roberts, M.R. Green, and R.H. Goodman: "Nuclear protein CBP is a coactivator for 
thetranscnptionfactorCREB". ^370:223,1994; Arias, J., A.S. Alberts, P. Bnndle, 
FX Claret T. Sraea, M. Karin, J. Ferarnisco, and M. Montminy: "Activation of cAMP and 
10 n.togenreiponsivegenesreliesonaconn.onnuclear^tor". ^370:226, 1994.). CBP 
in turn interacts with the basal transcription factor TFIIB causing increased transection. 
CREB also has been reported to interact with dTAFII 1 10, a TATA binding protein- 
associated factor whose binding may regulate transcription (Ferreri, K., G. Gill, and M. 
Montminy "The cAMP-regulated transcription factor CREB interacts with a component of 
15 the TFIID complex". Proc. Natl Acad. Set. USA 91: 12 10, 1994.). In addition to these 
interactions, CREB/ATF proteins can specifically bind multiple other nuclear factors 
(Hoeffler, J.P., J.W. Lustbader, and C.-Y. Chen: "Identification of multiple nuclear factors 
that interact with cyclic adenosine 3',5'-monophosphate response element-binding protein and 
activating transcription factor-2 by protein-protein interactions". Mol. Endocrinol 5:256, 
20 1991) but the biologic significance of most of these interactions is unknown. CREB is 

normally thought to bind DNA either as a homodimer or as a heterodimer with several other 
proteins. Surprisingly, CREB monomers constitutively activate transcription (Krajewski, W., 
and K.A.W. Lee: "A monomeric derivative of the cellular transcription factor CREB 
functions as a constitutive activator". Mol. Cell Biol. 14:1204, 1994.). 

25 

Aside from their critical role in regulating cellular transcription, it has recently 
been shown that CREB/ATF proteins are subverted by some infectious viruses and 
retroviruses, which require them for viral replication. For example, the cytomegalovirus 
immediate early promoter, one of the strongest known mammalian promoters, contains 
30 eleven copies of the CRE which are essential for promoter function (Chang, Y.-N., S. 

Crawford, J. Stall, D.R. Rawlins. K.-T. Jeang, and G.S. Hayward: "The palindromic series I 
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repeats in the simian cytomegalovirus major immediate-early promoter behave as both strong 
basal enhancers and cyclic AMP response elements". J. Virol 64:26A, 1990). At least some 
of the transcriptional activating effects of the adenovirus ElAprotein, which induces many 
promoters, are due to its binding to the DNA binding domain of the CREB/ATF protein, 
ATF-2, which mediates El A inducible transcription activation (Liu, F., and M.R. Green: 
"Promoter targeting by adenovirus Ela through interaction with different cellular DNA- 
binding domains". Nature 368:520, 1994). It has also been suggested that El A binds 
CREB-binding protein, CBP (Arany, Z., W.R. Sellers, D.M. Livingston, and R. Eckner: 
"El A-associated P 300 and CREB-associated CBP belong to a conserved family of 
coactivators". Cell 77:799, 1994). Human T lymphotropic virus-I (HTLV-1), the retrovirus 
which causes human T cell leukemia and tropical spastic paresis, also requires CREB/ATF 
proteins for replication. In this case, the retrovirus produces a protein, Tax, which binds to 
CREB/ATF proteins and redirects them from their normal cellular binding sites to different 
DNA sequences (flanked by G- and C-rich sequences) present within the HTLV 
transcriptional enhancer (Paca-Uccaralertkun, S., L.-J. Zhao, N. Adya, J.V. Cross, B.R. 
Cullen, I.M. Boros, and C.-Z. Giam: "In vitro selection of DNA elements highly responsive 
to the human T-cell lymphotropic virus type I transcriptional activator, Tax". Mol. Cell Biol 
7*456, 1994; Adya, N., L.-J. Zhao, W. Huang, I. Boros, and C.-Z. Giam: -Expansion of 
CREB's DNA recognition specificity by Tax results from interaction with Ala-Ala-Arg at 
positions 282-284 near the conserved DNA-binding domain of CREB". Proc. Natl Acad. 
Sci. USA 97:5642, 1994). 
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Summary ^"Invention 

The present invention is based on the finding that certain nucleic acids 
containing unmethylated cytosine-guanine (CpG) dinucleotides activate lymphocytes in a 
subject and redirect a subject's immune response from a Th2 to a Thl (*.g. by inducing 
5 monocytic cells and other cells to produce Thl cytokines, including IL-12, IFN-v and GM- 
CSF). Based on this finding, the invention features, in one aspect, novel immunostimulatory 
nucleic acid compositions. 

In one embodiment, the invention provides an isolated immunostimulatory 
! o nucleic acid sequence containing a CpG motif represented by the formula: 

wherein at least one nucleotide separates consecutive CpGs; X, is adenine, guanine, or 
thymine; X 2 is cytosine or thymine; N is any nucleotide and N, + N 2 is from about 0-26 
bases with the proviso thatN,andN 2 do not contain a CCGG quadmer or more than one 
15 CCG or CGG trimer, and the nucleic acid sequence is from about 8-30 bases in length. 

In another embodiment, the invention provides an isolated immunostimulatory 
nucleic acid sequence contains a CpG motif represented by the formula: 

5•N 1 X 1 X 2 CGX3X4N 2 3 , 

20 wherein at least one nucleotide separates consecutive CpGs; X,X 2 is selected from the group 
consisting of GpT, GpG, GpA, ApT and ApA; X 3 X, is selected from the group consisting of 
T P TorC P T;NisanynucleotideandN 1+ N 2 isfromabout 0-26 bases with the proviso that 
that N, and N 2 do not contain a CCGG quadmer or more than one CCG or CGG trimer; and 
the nucleic acid sequence is from about 8-30 bases in length. 

In another embodiment, the invention provides a method of stimulating 
immune activation by administering the nucleic acid sequences of the invention to a subject, 
preferably a human. In a preferred embodiment, the immune activation effects predominantly 
a Thl pattern of immune activation. 

In another embodiment, the nucleic acid sequences of the invention stimulate 
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CSFareproducedvias.teuia.ionoftei— systen, using nucleic «ences 
lytic activity of natural killer cell. CNK) and the proliferation of B cells. 

1, another embodiment, the nucleic acid sequences of the invention are useful 
K an atifica! adjuvant for use during antibody generation in a mamma, such as a mouse or a 

human. 

in another embodiment, autoimmune disorders are treated by inhibiting a 
s^Ject'sresponsetoCpGmediatedleukocyteactivation.m 

^inist^ 

-d monensm to ameliorate autoimmune disorders. In particular, system, lupus 
erythematosus is treated in this manner. 

15 The nucleic acid sequences of the invention can also be used to treat, prevent 

response toavaccine. Furthermore, by redirecting a subject's immune response from M 

20 ihi to M uM*m&~»^«^*^ m '^ &mu ** 

in addition, the claimed nucleic acid molecules can be administered to a subject m 

conjunction ^v^^-W**"^^*^*^ 

the occurrence of an allergic reaction associated with an asthmatic disorder. 

25 Further, the ability of the nucleic acid sequences of the invention described 

herein to induce leukemic cells to enter the cell cycle supports their use in treating leukemia 
by increasing the sensitivity of chronic leukemia cells followed by conventional ablaUve 
chemotherapy, or by combining the nucleicacid sequences withotherimmunotherap.es. 

Other features and advantages of the invention will become more apparent 
30 from the following detailed description and claims. 
Brief Description of the Figures 
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Figure 1 A-C are graphs plotting dose-dependent IL-6 production in response 
to various DNA sequences in T cell depleted spleen cell cultures. 

Figure 1 A. E. coli DNA (1) and calf thymus DNA (n) sequences and LPS (at 
lOx the concentration of E. coli and calf thymus DNA) (u). 

Figure 1 B. Control phosphodiester oligodeoxynucleotide (ODN) 
5 'ATGGAAGGTCCAGTGTTCTC 3 ' (SEQ ID No: 1) (n) and two phosphodiester CpG ODN 
5 'ATCGACCTACGTGCGTTCTC 3 ' (SEQ ID No: 2) (u) and 
5 TCCATAACGTTCCTGATGCT 3 - (SEQ ID No: 3) (1). 



20 



Figure I C. Control phosphorothioate ODN S 'GCTAGATGTTAGCGT 3 ' (SEQ 
JD No- 4) (n) and two phosphorothioate CpG ODN ^GAGAACGTCGACCTTCGAT 3 ' (SEQ 
ID No: 5) (u) and r GCATGACGTTGAGCT 3 ' (SEQ ID No: 6) (1). Data present the mean ± 
i 5 standard deviation of triplicates. 

Figure 2 is a graph plotting IL-6 production induced by CpG DNA in vivo as 
determined 1-8 hrs after injection. Data represent the mean from duplicate analyses of sera 
from two mice. BALB/c mice (two mice/group) were injected iv. with 100 ,1 of PBS (o) or 
200 Mg of CpG phosphorothioate ODN r TCCATGACGTTCCTGATGCT 3 ' (SEQ ID No: 7) 
(n ) or non-CpG phosphorothioate ODN 5 TCCATGAGCTTCCTGAGTCT 3 ' (SEQ ID No: 8) 

(u). 

Figure 3 is an autoradiograph showing IL-6 mRNA expression as determined 
by reverse transcription polymerase chain reaction in liver, spleen, and thymus at various 
time periods after ft. vivo stimulation of BALB/c mice (two mice/group) injected iv wuh 100 
[A of PBS, 200 fig of CpG phosphorothioate ODN ^CCATGACGTTCCTGATGCT 3 ' (SEQ 
roN o: 7) ornon-C P G phosphor 
No: 8). 

Figure 4A is a graph plotting dose-dependent inhibition of CpG-induced IgM 

11 
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ncCMGACGTTCCTGATGCT' (SEQ ID No: 9) in ft. presence of .he Seated 

c ni f — ^««^— 

Zl^M— o yE US A . .^^ofCpQOON.^^Aohaa.o 
5 effect on IgM secretion (n). 

cei—i"^^^ 

10 - triplicates. 

Figure 5 is a to graph plowing cUoramphenta-1 (CAT) 
:l,p 1 ^(KSV),or 1 L- 6 p^ A Te„os m c t a l o M o r cu lt u K4w ,,hCpG 

,« ''rrCATGACGTTCCTGATGCT 1 ' (SEQ ID No: 7) or non-CpG 

s^CATGAGCTTCCTGAGTCT 5 ' (SEQ ID No: 8) phosphorothioate ODN at the indicated 
eventrations. Data present the mean of triplicates. 

Figure 6 is a schematic overview of the immune etTects of the 

them — .»p-d^«-«.«— — ""Hcrr 

I^nofTh.cytolcine secret 
development of a cytotoxic lymphocyte response. 
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Figure 7 is an autoradiograph showing NFkB mRNA induction in monocytes 
treated with E. coli (EC) DNA (containing unmethylated CpG motifs), control (CT) DNA 
(contatningnour^^ 
times, 15 and 30 minutes after contact. 

Figure 8A shows the results from a flow cytometry study using mouse B cells 

treated with the CpG oligo (TCCATGACGTTCCTGACGTT SEQ ID No. 10) also showed 
became positive (PanelD). However, cells treated with an oligonucleotide with the ^cal 
N0.11)did not show this significant increase in the level of reactive oxygen speaes (Panel 



E). 



Figure 8B shows the results from a flow cytometry study using mouse B cells 
in the presence of chloroquine with the dihydrorhodamine 123 dye to determine levels of 
0 reactive oxygen species. Chloroquine slightly lowers the background level of reachve 
oxygen species in the cells such that the untreated cells in Panel A have only 4.3% that are 
positive. Chloroquine completely abolishes the induction of reactive oxygen spec.es « the 
cells treated with CpG DNA (Panel B) but does not reduce the level of reactive oxygen 
species in the cells treated with PMA and ionomycin (Panel E). 

' 5 figure 9 is a graph plotting lung lavage cell count over time. The graph shows 

that when the mice are initially injected with Schistosoma mansoni eggs "egg", which induces 
a Th2 immune response, and subsequently inhale Schistosoma mansoni egg antigen "SEA" 
(open circle), many inflammatory cells are present in the lungs. However, when the rn.ce are 

30 initially given CpG oligo (SEQ ID NO. 10) along with egg, the inflammatory cells m the lung 
are not increased by subsequent inhalation of SEA (open triangles). 
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Figure 10 is a graph plotting lung lavage eosinophil count over time. Again, 
the graph shows thatwhen the mice are initially injected with egg and subsequently inhale 
SEACopencircle), many eosinophils are present in the lungs. However, when the rmce are 
initially given CpG oligo (SEQ ID NO. 10) along with egg, the inflammatory cells in the lung 
are not increased by subsequent inhalation of the SEA (open triangles). 

Figure 11 is a bar graph plotting the effect on the percentage of macrophage, 
wmphocyte, neutrophil and eosinophil cells induced by exposure to saline alone; egg, then 
Z- eggandSEQIDNo. 1 1 , then SEA; and egg and control oligo (SEQ ID No. 11), then 
SEa' When the mice are treated with the control oligo at the time of the initial exposure to 
the e gg there is little effect on the subsequent influx of eosinophils into the lungs after 
inhalaJonofSEA. Thus, whenmice inhale the eggs on days 14 or 21, they develop an acute 
inflammatory response in the lung, However, giving a CpG oligo along with the eggs at the 
timeofinitial antigen exposure on days 0 and 7 almost completely abolishes the increase m 
eosinophils when the mice inhale the egg antigen on day 14. 

Figure 12 is a bar graph plotting eosinophil count in response to injection of 
various amounts of the protective oligo SEQ ID No. 10. 

, Figure 1 3 is a graph plotting interleukin 4 (IL-4) production (pg/ml) in mice 

over time in response to injection of egg, then SEA (open diamond); egg and SEQ ID No. 10, 
then SEA (open circle); or saline, then saline (open square). The graph shows that the 
resultant inflammatory response correlates with the levels oftheTh2 cytokine IL-4 in the 



lung. 
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Figure 14 is a bar graph plotting interleukin 12 (IL-12) production (pg/ml) in 
m ice over time in response to injection of saline; egg, then SEA; or SEQ ID No. 10 and egg, 
then SEA. The graph shows that administration of an oligonucleotide containing an 
unmethylated CpG motif can actually redirect the cytokine response of the lung to production 
30 of IL-12, indicating a Thl type of immune response. 
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Figure 1 5 is a bar graph plotting interferon gamma (IFN-y) production (pg/ml) 

egg thenSEA. The graph shows that administration of an oligonucleotide containmg an 
lethylatedCpGmotifcanalso redirect the cyto^ne response of the lung to production of 
5 IFN-g, indicating a Thl type of immune response. 

T 1, ,1 m-rripti- " f 'V T"ve°tion 

De finitions 

As used herein, the following terms and phrases shall have the meanings set 

10 forth below: , 

An "altered" refers to . substance that can induce an allergjc or astaaUc 

response inasu.cep.Me subject The lis, of allergens is enormous and can include pollens, 

ins,,, venoms, animal darker dus,, fungal spores and drugs to penicillin). Examples of 

^ (Xtegwte^); Bemla (Baula verucosa* Quercus (Quercus alto); Olea (OUa 

20 Mrt tfMi « ftrt-*J-** *-* < e * *-* ** ** (S * 
4* .(*«-* to Op-.-*"*-* - 

G»»«* «»»,»); Jumv«^ to •*»*«» **"<*<«• ■*"* OTO virginUma - 

Jmi perus communis mi Juniperus aske,% Thuya to Thuya anenmUs); Oumaecypar, 
{e g.Cha^ecypariso*may,Pmplaue,aie. g .Per^^ 
Agropyron repensf. SccaU to. Secale cereale); THHcun, to M*» «*-tt 
{ e g. DaCylis gUmera*); Fe#uc* to F*»* elatiofy, Poaie.g.Poapra.ensisorPoa 
compressa); Anna to Aycna soW, Holcus to Halcus lanatus); A„,Ho*an*«m to 
An,ho,an,hum odoraum); Arrheua*erum to Arrhemlhenm claims); Agrost* (e.g. 
AgrosUs alia); Phieum to Phieum pram,e); Phalaris to P"<"* ^macea); 
30 Paspalum to. Paspalum „o— ); Sorghum to Sorghum halepensis); and Bromus (e.g. 
Bromus inermis). 



IS 
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An "allergy" refers to acquired hypersensitivity to a substance (allergen). 
Allergic condmons include eczema, allergic rhinitis or coryza, hay fever, bronchial asthma, 
urticaria (hives) and food allergies, and other atopic conditions. 

"Asthma" - refers to a disorder of the respiratory system characterized by 

agents. Asthma is frequently, although not exclusively associated with atop.c or aller gl c 
symptoms. 

D An "immune system deficiency" shall mean a disease or disorder in which the 

subje cfs immune system is not to cnonm g in normal capacity or in wmch it would be useful 

other carcinomas and sarcomas) or an infection in a subject 

15 Examples of infectious virus include: Retroviridae (e.g.. human 

^deficiency viruses, such as HIV-1 (also referred to as KTLV-HI, LAV or HTLV- 
IH/LAV or HIV-III; and other isolates, such as fflV-LP; Picomaviridae (e.g., P oho vmises, 
hepatitis A virus; en^^ . 

viruses, rubella viruses); Flaviridae (e.g.. dengue viruses, encephalitis viruses, yellow fever 
viruses); C*^^ 

viruses rabies viruses); Filoviridae (e.g.. ebola viruses); Paramyxoviridae(e.g.. 
parainfluenza viruses, mumps virus, measles virus, respiratory syncytial virus); 
25 in^enz a viruses); Bungaviridae (e.g.. Hantaan viruses, bunga 

viruses phleboviruses and Nairn viruses); Arena viridae (hemorrhagic fever viruses); 
Reoviridae (e.g.. reoviruses, orbiviurses and rotaviruses); Bimaviridae; Hepadnanruiae 
(Hepatitis B virus); Parvoviridae (parvoviruses); Papovaviridae (papilloma viruses, polyoma 
viruses)- Adenoviridae (most adenoviruses); Herpesviridae (herpes simplex virus (HSV) 1 
30 and2 v'aricella zoster virus, cytomegalovirus (CMV), herpes viruses'); Poxv^e (variola 
viruses, vaccinia viruses, pox viruses); and Iridoviridae (e.g.. African swine fever vmis); and 

16 
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unclassified viruses (e.g.. the etiological agents of Spongiform encephalopathies, the agent of 
deltahepatiues^^ 

non-B hepatitis (class 1 = internally transmitted; class 2 = parenteral* transrmtted (,.*. 
Hepatitis C); Norwalk and related viruses, and astroviruses). 

Examples of infectious bacteria include: Helicobacter pyloris, Borelia 
burgdorferi. Legionella pneumophila. Mycobacteria sps (e.g. M. tuberculosis. M. avium, M. 
intracellular M. kansaii, M. gordonae), Staphylococcus aureus, Neisseria gonorrhoeae, 
Neisseria meningitidis. Listeria monocytogenes, Streptococcus pyogenes (Group A 
) Streptococcus), Streptococcus agalactiae (Group B Streptococcus), Streptococcus (vindans 
group) Streptococcus faecalis. Streptococcus bovis, Streptococcus (anaeromc sps.), 
Streptococcus pneun.niae,^^ 

influenzae, Bacillus antracis. corynebacterium diphtheriae, corynebactenum sp.. 
Erysipelotkrixrhusiopatniae, Clostridium perfringers. Clostridium tetani, Enterobacter 
5 aerogenes. Klebsiella pneumoniae. Pasturella multocida, Bacteroides sp.. Fusobactenum 
nucleatum, Streptobacillus moniliformis. Treponema pallidium. Treponema pertenue. 
Leptospira, mi Actinomyces israelii. 

Examples of infectious fungi include: Cryptococcus neoformans, Histoplasma 
20 capsular, Coccidioides immitis, Blastomyces dermatitidis, Chlamydia trachomatis. 
Candida albicans. Other infectious organisms (i.e.. protists) include: Plasmodium 
falciparum and Toxoplasma gondii. 

An "immunostimulatory nucleic acid molecule" refers to a nucleic acid 
25 molecule, which contains an unmethylated cytosine, guanine dinucleotide sequence {i.e. 

"CpG DNA" or DNA containing a cytosine followed by guanosine and linked by a phosphate 
bond) and stimulates (e.g. has a autogenic effect on, or induces or increases cytokine 
expression by) a vertebrate lymphocyte. An immunostimulatory nucleic acid molecule can 
be double-stranded or single-stranded. Generally, double-stranded molecules are more stable 
30 in vivo, while single-stranded molecules have increased immune activity. 
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In one preferred embodiment the invention provides an isolated 
mmunostimulatory nucleic acid sequence containing a CpG motif represented by the 
formula: 

S'N^CGXaNjy 

wherein at least one nucleotide separates consecutive CpGs; X, is adenine, guanine, or 
thymine- X 2 is cytosine or thymine; N is any nucleotide and N, + N 2 is from about 0-26 
bases with theprovisothatN.andN, do not contama CCGG quadmer or more than one 
CCG or CGG trimer; and the nucleic acid sequence is from about 8-30 bases in length. 

In another embodiment the invention provides an isolated immunostimulatory 
nucleic acid sequence contains a CpG motif represented by the formula: 

S-N^XzCGXaX^ 
wherem at least one nucleotide separates consecutive CpGs;X,X 2 is selected from the group 
consistingofGpT,GpG,GpA,ApTandApA;X 3 X 4 is selected from the group cons.st.ngof 
15 TpTorC P T;NisanynucleotideandN l + N 2 is from about 0-26 bases with the proviso that 
that N, and N 2 do not contain a CCGG quadmer or more than One CCG or CGG trimer; and 
the nucleic acid sequence is from about 8-30 bases in length. 

Preferably the immunostimulatory nucleic acid sequences of the invnetion 
20 include X,X 2 selected from the group consisting of GpT, GpG, GpA and ApA and X 3 X 4 is 
selected from the group consisting of TpT, CpT and GpT (see for example, Table 5). For 
facilitating uptake into cells, CpG containing immunostimulatory nucleic acid molecules are 
preferably in the range of 8 to 30 bases in length. However, nucleic acids of any size (even 
many kb long) are immunostimulatory if sufficient immunostimulatory motifs are present, 
25 since such larger nucleic acids are degraded into oligonucleotides inside of cells. Preferred 
synthetic oligonucleotides do not include a a CCGG quadmer or more than one CCG or CGG 
trimer at or near the 5 1 and/or 3' terminals and/or the consensus mitogenic CpG motif is not a 
palindrome. Prolonged immunostimulation can be obtained using stabilized 
oligonucleotides, where the oligonucleotide incorporates a phosphate backbone modification. 
30 For example, the modification is a phosphorothioate or phosphorodithioate modification. 
More particularly, the phosphate backbone modification occurs at the 5' end of the nucleic 
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acid for example, at the first two nuclides of the 5' end of the nucleic acid. Further, the 
phoS phatebac k bonemodificationmay occur at the3'endofthe nucleic acid for example, at 

the last five nucleotides of the 3 1 end of the nucleic acid. 

5 Preferably the immunostimulatory C P G DNA is in the range of between 8 to 

30base S insizewhenitisanoligonu^ 

produced onalarge scale inplasmids, which after being administered to a subject are 
degraded into oligonucleotide, Preferred immunostimulatory nucleic acid molecules «,g. 

^ationindexwithregardtoBcell, monocyte and/or na^ral killer cell responses 
cytokine, proliferative, lytic or other responses). 

The nucleic acid sequences of the invention stimulate cytokine production in a 

15 subjec t for example, c^f^y***^*™™^^-* 

GM-CSF. Exemplary sequences include: TCCATGTCGCTCCTGATGCT (SEQ ID NO: 
42), TCCATGTCGTTCCTGATGCT (SEQ ID NO: 43), and 
TCGTCGTTTTGTCGTTTTGTCGTT (SEQ ID NO:56). 

The nucleic acid sequences of the invention are also useful for stimulating 
natural killer cell (NK) lytic acitivity in a subject such as a human. Specific, but non-limiting 
examplesofsuchsequence.^ 
TCGTCGTTTTGTCGTTTTGTCGTT (SEQ ID NO:58 ), 

TCGTCGTTGTCGTTTTGTCGTT (SEQ ID NO:59), GCGTGCGTTGTCGTTGTCGTT 
25 (SEQ ID NO: ), TGTCGTTTGTCGTTTGTCGTT (SEQ ID NO: ), 

TGTCGTTGTCGTTGTCGTT (SEQ ID NO:60) and TCGTCGTCGTCGTT (SEQ ID NO:61 



The nucleic acid sequences of the invention are also useful for stimulating B 
cell proliferation in a subject such as a human. Specific, but non-limiting examples of such 
sequences include: TCCTGTCGTTCCTTGTCGTT(SEQ ID 



20 
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NO-621 TCCTGTCGTTTTITGTCGTT (SEQ ID NO:63), 

TCGTCGCTGTCTGCCCTTCTT(SEQ ID NO:64),TCGTCGCTGTTGTCGTTTCTT (SEQ 
ID NO :65),TCGTCGrrTrGTCGrnTGTCGTr (SEQ ID 
NO:66),TCGTCGTTGTCGTTTTGTCGTT (SEQ IDN0.67 ) and 
TGTCGTTGTCGTTGTCGTT (SEQ ID NCMS8 ). 

ta another aspect, *= nucleic w* sequences «**• toOT,ion areuse ^ 85 3,1 
— forusedorlagan.ibodyproducUonfaa.nan.ma!. SpeciSc tat non-limit,„g 
^or^s^^TCCATOACGTTCCTGACOTT^QIDNO.IO, 
GTCG(T/C)T and TGTCG(T/C)T. Eu^ennore, the daimcdnuc.de acid sequences can be 

subjects immune response from Th2 to Thl. An exemplary sequence 
TCCATGACGTTCCTGACGTT (SEQ ID NO.10). 

s The summation index of > particular immunostimulalory CpG DNA can be 

.^tavarious—ecellassays. PreferWy.tesdmulauonmta.f.h. 
iM ^mn,a.o W CpGDNA^^d,oB..Upro,i^o„is.t>e^abou.5 

p^ferably at leas, about 10, more preferably a, .east about 15 and most preferably a leas. 

25 (NK) cell lytic activity. 

Preferred immunostimutrtory CpG nucleic acids Arid effect at leas, about 
500 Pg ,ml ofTNF-a, .5 Pg /m. *N-y, 70 Pg « ofGM-CSF 275 pg*n. of M 200 pg/ml 

3 „ Examp.e 12. Other preferred immunostunulatory CpG DNAs should effectat j 
^morepreferablya.te.aboutlSy.andmostpreferablyatleas.aboutM/.YAC-.cell 
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specific lysis or at leas, abou. 30, more preferably a, leas, abou, 35 and most preferably a, 
leas, abou. 40% 2C1 1 cell specific lysis as determined by the assay described tn detad ,n 



Example 4. 



5 A "nucleic acid" or "DNA" means multiple nucleotides (ia. molecules 

exchangeablc organic base, which is either a substituted pyrimidine ( ,g. cytosme <Q, 
thymine (D or uracil (U)) or a substituted purine (e.g. adenine (A) or g uani„e (G)). As used 
herein the ,em refers* ribonucleotides as well as „,igod«»xynbo,uc. M tides.The,erm S W. 

o^c base containing polymer. Nucleic acid molecules can be obtained from cxrsting 
M c,eic M idsources<*.g. genomic or cDNA),bu, are pteferabrysyntheTicf,,. produced by 

oligonucleotide synthesis). 

A "nucleic acid delivery complex" shall mean a nucleic acid molecule 

means (e. S . a molecule that results in higher affinity binding to targe, cell (eg. Ml and 
„*ura, killer (NK) cell) surfaces and/or increased cellular up* by Urge, cells). Examp.es 
of nucleic acid delivery complexes include nucleic acids associated with: a sterol ie. S . 

binding agents a ligand recognized by targe, cell specific receptor), Preferred M nmlex« 

the rarge. cell. However, the complex should be cleavable under appropriae condition, 
within the cell so that the nucleic acid is released in a functional form. 

" ••Palindromic sequence" shall mean an inverted repeat (i.e.. aseuuence such as 

ABCDEED'C'B'A' in which A and A' are bases capable of forming theusual Watson-Crick 
base pairs. In vivo, such sequences may form double stranded structures. 

30 A "stabilized nucleic acid molecule" shall mean a nucleic acid molecule that is 

relatively resistant to ,» vivo degradation (e. s . via an exo- or endo-nucleaae). S,abiliza.io» 
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can be a tad. of length or secondary structure. Unmc.hy.aBd CpG conning nucletc 
acid molecules that are tens to hundreds of kbs long are relatively resistant to /. »n» 
degradation. For shorter inrmunosthmdatory nucleic acid molecules, second^ structure can 
stabilize and increase their effect. For example, if the 3' end of a nucleic acid molecule has 

toop «ruc(urc ten the nucleic acid molecule becomes stabilized and therefore exhibits more 



activity. 
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Preferredstabilized nucleic acid molecules of the instant invention have a 
m o dl fied backbone. For use in immune stimulation, especially preferred stabilized nucleic . 
acidmoleculesarephosphorothioateO... at least oneof the phosphate oxygens of the nuclec 
acidmolecule is replaced by sulfur)or phosphorodithioate modified nucleic acid molecules. 
Moreparticularly,^^ 

acidforexample.atthefirsttwonucleotidesofmeS'endofthenucleicacid. Further, toe 
phosphatebackbonemodification may occur at the 3' end of the nucleic actf for example, at 
the last five nucleotides of the 3' end of the nucleic acid. In addition to stabilizing nuclexc acxd 
molecules as reported further herein, phosphorothioate-modified nucleic acid molecules 
(including phosphorodithioateWified)can increase the extent of^ 
the nucleic acid molecule, which contains an unmethylated C P G dinucleotide as shown 
herein International Patent Application Publication Number: WO 95/26204 entitled 
-Immune Stimulation By Phosphorothioate Oligonucleotide Analogs" also reports on the 
non-sequence specific immunostimulatory effect of phosphorothioate modified 
oligonucleotides. As reported herein, unmethylated C P G containing nucleic acid molecules 
having a phosphorothioate backbone have been found to preferentially activate B-cell 
activity while unmethylated CpG containing nucleic acid molecules having a phosphodxester 
backbone have been found to preferentially activate monocytic (macrophages, dendnt.c cells 
and monocytes) andNKcells. Phosphorothioate CpG oligonucleotides with preferred human 
motifs are also strong activators of monocytic and NK cells. 



30 - stabilized nucleic acid molecules include: nonionic DNA analogs, such 



Other i 
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as alky.- and aryl- phosphona.es (in which .he charged phosphonate oxygen is replacM by an 
a, kyl or ary. group), pnosphodiester and alkylphosphotriesters, in which «he charged oxygen 

resistant to nuclease degradation. 

A "subject" shall mean a human or vertebrate animal including a dog, cat, 
horse, cow, pig, sheep, goat, chicken, monkey, rat, and mouse. 

As used herein, the term -vector" n** « a nucleic acid molecule capable of 

... anepisome). Vectors capable ofdirecting the expression ofgenes to wh.ch.hey are 
o^vdylmkedarereferrentohereinas "expression vectors." In genial, express.™ 

refer gently to circular double sttandedDN A. oops which, in. heir vector form, areno. 
ho.mdto.hech— e. h, the present s^iflcahon, -p^mid" and "vector arena* 
interchangeably as the plasmid is .he most commonly usee form of vector. However, me 
invention is intended to include such other forms of expression vectors winch serve 
20 equivalent functions and which become known in me art subsequently hereto. 

Shown in vitro attdJn vivo 

In the course of investigating the lymphocyte stimulatory effects of two 

25 antisenseoUgo^^^ ^ 

four "controls" (including various scramble* sense, and mismatch controls for a panel of 
"antisense" ODN) also mediated B cell activation and IgM secretion, while the other 
"controls" had no effect. 
30 two observations suggested that the mechanism of this B cell activation by 
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,he -control- ODN may not involve antisense effects 1) comparison of vertebrate DNA 
sequences listed in GenBank showed no greater homology than tat seen with non- 
stimulatory ODN and 2) the two controls showed no hybridization to Northern blots with 10 
„ of spleen poly A + UNA. R-ynthesis of these ODN on a different syuthesizer or 
5 extensive purification by polWlamide gel Cectrophoresis or high pressure liquid 
cystography gave idendcal stimulate, eliminating the possibility of an tmpun* 
Similar stimulation was se^ using B cells fiomOMeJmic., eliminating the possrbd^ 
to. ^polysaccharide (LPS) contamination could account for the results. 

The fact that two "control" ODN caused B cell activation similar to that of the 

the other nonstimulatory control ODN. In comparing these sequences, it was discovered that 
aU of the four sdmulatory ODN contained CpG dinucleot.de, mat were in a different 
sequence conteil torn the nonstimulatory control. 

15 To determine whether the CpO motif present in the stimulatory ODN was 

^ibleforth.observ* stimulation, over 300 ODN ranging in length fiom 5 to 42 base, 

contexts were synthesized. These ODNs, including die two origmal -coiurols (ODN , and 

,« 2448 (.989)), we* then examined for in vHro effect on spleen cens (representative 

cell activation and IgM secretion; the magnitude of this stimulation typically could be 
iucreasedhy adding more CpG dtaleorides (Table !; compare ODN 2 U, 2a or 3D » 3D. 

25 andSDb). U*^***^*'*^-'^-^***'*'- 

ODN caused no detectable proliferation ofv6 or other T cell populations. 

Mitogenic ODN sequences uniformly became nonstimulatory if the CpG 

30 ^orifthecyWineofmeCpGdtaucleoddewas^bcedbyS-memylcytosine^aWe 1; 
ODN lb.2b.3Dd, and 3Mb). Partial ruethyladon of CpG motifs caused a partial loss of 
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„„, reduce ODN activity (ODN 1c. 2d, 3De and 3Mc). These data confirmed tha, a CpG 
m0 ,if is the essential element present in ODN that activate B cells. 

u, the course of these studies, it became clear that the bases flanking the CpG 
^ODNmop.i^sdmulatorymohfwasdetermined.ocor^s.ofaCnGflankedbymo 

5. purines (preferably a GpA dinudeotidc) « J pyridines <P« ' T > T °< T " C 
dinuc.eo.ide). MuU^ofODN.ohrmgmeCpGn.oUfclos^u.toldea.inyo.ed 
stimulation <c, Table 1. compare ODN 2 ,0 2e; 3M ,0 3Md> whi,e mutation, that drsrurbed . 

O. the other hand, mutations outside me CpG motif did no, reduce sttmulahon (ag. Table I, 
compare ODN 1 to Id; 3D to 3Dg; 3M to 3Me). For activation of human cells, the best 
flanking bases are slightly different (See Table 5). 

Of those tested, ODNs shorter than 8 bases were non-srrmulatory («* Table 1 , 
ODN 4e) Among the forty-eight 8 base ODN tesfcd, a highly stimulatory sequence « 
identified as TCAACGTT (ODN 4) which contains the self complementary "palindrome 
AACGTT In further onUmizing this motif, it was found that ODN containing Gs a. both 

by phosphorothioaB modification of me terminal hucmuoleotide linkages. ODN 1585 (5 
GGGGTCAACGTTCAGGGGGG 3' (SEQ ID NO: 12)), in which the first two and last five 

m mouse spleen cel. proliferation enrparcd ,0 an average 3, fold increase in prohfe-on 
,5 i„ducedhyODN,638,whichhas m esamese,u^ K asODN 15 8 5«cep,u M tu,eOGsa, 
' UrcwoeudsarereplacedbyWA, TbeerTectofmeG-nchendsis^addihonofanODN 

^polyGendsbntnoCpGrnoafto cells along wim 1638 gave no incased proliferahon. 

For nuclcc acid mota.es longer than 8 base pairs, non-pahndromic motifs —g an 

umnethylated CpG were found to be more invrnunostimulatory. 

30 Other octamer ODN containing a 6 base palindrome with a TpC dinucleotide 
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at the 5' end were also active (,g. Table 1, ODN 4b,4c). Other dinucleotides at the 5' end 
gavereduoedstimulation^., ODN 4f; all sixteen possible dinucleotides were tested). The 
p„fa3'dinucleotide was insufficient to compensate for the lack of a 5' dinucleotide 
(, g .. Table I, ODN 4g). Disruption of the palindrome eliminated stimulation in octamer 
ODN {e.g., Table 1, ODN 4h), but palindromes were not required in longer ODN. 
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Stimulation Index* 
secruence (5- to 3')t 3 H Uridine I 9 M 



ODN 

5 production 

! {SEQ ID NO: 13) GCTAGACG.TTAGCSX \\\l'X T.7±o".5 

la (SEQ. ID NO: 4) * — 1>2 + 0-1 l.B ± 0.0 

10 lb (SEQ ID NO:14) Z 10 . 3 ± 4.4 9-5 ± 1-8 

1C (SEQ ID HO:15) • • — — ' „ ± 2 . 3 18.3 t 7.5 

Id (SEQ ID N0:16) • - AT. -GAGC. 

13.6 ± 2.0 



2 (SEQ XOKO:n, —TCCACmTTCTC 2.9*0.2 ' 

15 2a (SEQ ID MO:18 • " ^ 1<6 ± 0.5 2.8 ± 2.2 

2b (SEQ IDNO:19 ' 'l' ^ ^ 3-1 ± 0-6 7.3 ± 1.4 

2c (SEQ-ID NO:20 ..Z..CTC.^..^ ? ^ ± ^ 27 . 7 ± 5 .4 

2d (SEQ ID 80:21) . .JU-CXC.^fl.^- & g ± 2 Q 

2e (SEQ ID NO:22) 

20 3D (SEQ ID NO:23) GAGAACG.CTGGACCTTCCAT 4.9 ± 0.J ».» ± 3.6 

3Da(SEQ ID NO:24) — ' 10 . x ^ 2 . 8 25.4 ±0.8 

3Db (SEQ ID NO:25) T' 1-° * 0- 1 1,2 * 

3DC(SEQ ID NO:26) . . -C.A ^ + g a2 1-0 ± 0.4 

25 3Dd(SEQ ID NO: 27) z " 4 4 + 1-2 18.8 ± 4.4 

3De ( SEQ ID NO:28) — • 1.6 ± 0.1 7 " 7 * °- 4 

3Df (SEQ ID NO:29) cc'gACtc" 6.1 ± 1-5 I 8 - 6 ± X - 5 

3Dg (SEQ ID NO:30) .CC.G.ACU, 

30 3M (SEQ ID NO: 31) TCCATGT£GGTCCTQATGCT 4.1*0.2 23.2*4.* 

3 Ma (SEQ ID NO:32) " l3 ± 0-3 1.5 ± 0.6 

3Mb (SEQ ID NO: 33) z 5.4 ±1.5 8.5 + 2.6 

3MC(SEQ ID NO: 34) 17.2 ± 9.4 ^ 

3Md (SEQ ID NO:35) A— 1 " ' " 3 fi ± 0>2 14.2 ± 5.2 

35 3Me (SEQ ID NO: 36) 

cio.14 19.2 ± 5. 

TCAACGTT ^ ; ^ 

4b ...GCBC 2 7 ± 1.0 ™ 

40 - u!o. 



45 4h 

LPS 



aA . .TT^.AA ~"o 11 + 0. 

4d — 1,3 ± 0.2 l.l+u. 

4e " ' * ' 3.9 ± 1.4 

« ""CT 1.4+0.3 m 

49 " ""* c 1.2 ± 0.2 



7.8 ± 2.5 



1.0 



WD 
ND 
ND 

4.8 



50 



with no added ODN. 
ND = not done . 

CpG dinucleotides are underlined. 
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Dots indicate identity; dashes indicate deletions. 
Z indicates 5 methyl cytosme. 
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and ft activation. 

IL-6 

ODN Sequence (5'-3') SI t, lgM 

(pg/ml) a 

(ng/ml) c CH12.LX 



,« (S?Qm C No:") L TCCATGTCGGTCCTGATGCT 

+ 106 627 ±43 



5.8 ±0.3 3B 



10 ±1324 r 136 ±27 

1637 (SEQlDNo:38) TnTn'') 770 ±72 

46±6 lJ f 1201 ± 155 890 

1615 (SEQIDNo:39) Tt?(1\ " 3212 ±617 

±202 3 ' 7 1533 ±321 

15 1614 (SEQ ID No:40) - ^ 

1812+ 103 10.8 + 0.6 7558 ±414 H81 + 76 90 

1636 (SEQ ID No:41) ™« + 485'"" 

±132 5.4±0.4 3983±485 i 0 49±223 

1634 (SEQ ID No:42) + mi"" 

20 1671 ±175 9.2 ±0.9 6256±261 i 5 55±304 

1619 (SEQIDNo:43) nnl'm" 

2908 ±129 12-5 ±1.0 8243 ± 698 2109 ±291 

1707 (SEQ ID No:46) ■•••-A- 1 ^ 3534 ± 217 

1147 ±175 4 - 0±0 - 2 MD 

1708 (SEQIDNo:47) .....CAJTG ^ ±(U ^ 
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59 ±3 

±109 



35 



-nieexpenmentwasdoneax ^ lftno / m , The level of unstimulated 

controtcultuxesofbothCHU.LXandsplen.cBcelhwasSlOpg/.nl. ThelgM 

,„ «547 + 82nE/ml. CpG dinucleotides are underlined and dots indicate identity. 

680pm). CeUsweres^dwi^O.Mofva.ousCpaO.DK Oata present *e 



mean ± SD of triplicates 
40 c Measured by ELISA . 
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The kinetic of lymphocyte activation were investigated using mouse 
^cens-WhenftecclbwcrepuWattheaameUmeasODN addition andharvested 
jus , four hours later, mere was already a two-fold increase in "H uridine W 
Stimuladon peaked a, 12-48 hours and men decreased. After 24 hours, no intact ODN 
s were detected, perhaps account tor the suhseouen, fali m stimulation when punfied 
B cehs with o, without anti-IgM (at a suhmitogenic dose) were cultured ««h CpO ODN, 

combinadon after 48 hours. The r^gnihtdeofsnmmadon was concentradon dependent 
and consist exceeded ma. of LPS under optimal conditions for Mb. 
„ Oligonucfeotides containing a nuclease r^tan, phosphorothioate backbone were 
approxima K .y W ohu.dred fa «smo re po.en.thanunmodinedoU g o„ucle„.,des. 

Cell cycle analysis was used to determine the proportion of B ccUs 

activated by CpG-ODN. CpG-ODN induced cyding «• — «- ** ° f ^ 
15 Sp 1 enicB, W hocy^sor«dby fl owcy.o m eUyin to CD23-(marg,r^^c)^^ 

(Llicular) subpopulations were eo.ua.ly responsive to ODN- induced sunu-ahon, as 
were both resting and activated popu,ations of B ceUs isoiated by fracoonatton over 
Percol, grfents. These studies denied that CpG-ODN induce essenhally »11B 
cells to enter the cell cycle. 

20 

CertainB cell lines, suchas WEHI-231, are induced to undergo growth 

M , 8 6>- Tsubata, T., J. Wu and T. Honjo: B-cel. apoptesis induced by antigen receptor 
orossmddng is Mocked b, a T-c=ll signal through CD40, 364: 64 5 [»» 

WEffl-23 1 cells are rescued from this.growth arrest by certain stimuh such as LPS and 
' bytheCWOUgand. ODN containing the CpG motif were also found to protect WEHI- 

30 23, ^.m^^™^^*^™^^™ 
„o, reouired for the effect. Subsequent work indicates that CpG ODN urduce Bd-x and 
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^expression, which m »y account forte protection tamapoptosi, Also, CpG nude* 
acidshavebeen found to block apoptosisk human ceUs. This inhibition of apoptosts ,s 
important, since it should enhance and protong immune activation by CpG DNA. 

rrnrf p r>" r rn,i f kmtiorL 

To evaluate whether the optimal B cell stimulatory CpG mouf was 

identical with the optimal CpG motif for IL-6 secretion, a panel of ODN in which me 
bases flanking the CpG dinucleotide were progressively substituted was studied Tfcs 
0 ODN panel was analyzed for effects on B cell proliferation, Ig production, and IL-6 
secretion, usmg both splenic B cells and CH12.LX cell, As shown in Table 2, the 
optimal stimulatory motif contains an unmethylated C P G flanked by two , purines and 
two 3' pyridines. Generally a mutation of either 5' purine to pyrimidme or 3 
pyridine to purine significantlyreduced its effects. Changes in 5' purines to C were 

m arkedefFects. Based on analyses of these and scores of other ODN, it was determined 
that the optimal CpG motif for induction of IL-6 secretion is TGACGTT, which is 

identical with t*a^*^*»»^<*^^* 

was more stimulatory than any of the palindrome containing sequences studied (1639, 

20 1707 and 1708). 

As described in Example 9, the amount of IL-6 secreted by spleen cells 
25 afterCpGDNAstimulationwasmeasuredbyEUSA. T cell depleted spleen cell cultures 
rather than whole spleen cells were used for in vitro studies following preliminary studxes 
showing that T cells contribute little or nothing to the IL-6 produced by CpG DNA- 
stimulated spleen cells. As shown in Table 3, IL-6 production was markedly mcreased 
incellsculturedwim^-^DNAbutnotincellsculturedwithcalfthymusDNA. To 

30 confirm that the increased IL-6 production observed with E. coli DNA was not due to 
contamination by other bacterial products, the DNA was digested with DNAse pnor to 
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analysis DNAse pre— . abolished IL-6 production induced by E. col, DNA (Table 
3) In addition, spleen cells ftom LPS-nonresponseive C3H/HeJ mouse produced staular 
levels of IL-6 in response to bacterial DNA. To analyze whether the IL-6 secret™ 
induced by E. coU DNA was mediated by the unrelated CpG dinuclectides ■„ 
5 bacteria.DNA,methyla.ed £ ^DNAa^apanelofsyntheticODNwereexamined 
As shown in Table 3, CpO ODN significantly induced IL-6 secretion (ODN 5a, 5b, 5c) 
„hileCpGmemyla tt d£.co«DNA,orODNc OT ,.ainin g mett,yla,edCpG(ODN50or 

no ™ (ODN 5d) did not Changes at sites otethan CpG dinucbotides (ODN 5b) or 
Clarion of other cytosines (ODN 5g) did no, reduce the effect of CpG ODN. 
,. MeurylationofasmgleCpGmanODNwi^CpGs^inapartialroduchon 

in the sUmulation (compare ODN 5c to 5e; Table 3). 
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Treatment 

5 calf thymus DNA 

calfthymusDNA + DNase 

E. coli DNA 

E. coli DNA + DNase 

CpG methylated E. coli DNA 

10 LPS 

Media (no DNA) 



IL-6 (pg/ml) 
<10 
<10 
1169.5 ±94.1 
<10 
<10 
280.1 ±17.1 
<10 



?f N SEQ.ID. N o: 1 ATOOACTCrCCAGOnTCTC 1096.4 . 372.0 
5b SBQ.ID.No:2 AGG A„... 24 +5± 26.2 

« * sis f^... l7 ":n E Q. ... 

£ ^..Z.. 1862.3 + 87.26 

modified oligonucleotides (O-ODN) (20 m>** ^ym i Data 

25 dots indicate identity. Z indicates 5-methylcytosme. 

p.fi rnrtffT run ff *° " rtffi "''' i*™'- 
3„ ferine simulators of the ^ Theuse 

of adjuvant is essentia! to induce a strong antibody response to soluble a»ig=ns (Harlow 

hereby incorporated by reference). The overaU effect of adjuvants is dramatic and thetr 
importance cannot be overenmhasked. The action of an adjuvant aHows mnch smatter 
35 doses of antigen to be used and generates antibody responses that are mote perststent. 
' The nonspecific activation of the immune response often can spell the difference between 
success and failure in obtaining an immune response. Adjuvaros should be used fo, firs, 
injections unless mere is some very specific reason to avoid this. Most adjuvants 
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incorporate W o comport, One component is designed to protect the antigen from 
rapid ca.abo.ism liposomes or syndic surface (Hunter « al. 1*1)1 
Liposomes are only effective when me immunogen U incorporated into the outer Itptd 
Uver entrapped molecules arc no. seen hy the immune sysfcm. The Cher componen. ts 
a ..bstance to. will sUmulae me inmtune response M n*ecincal.y. These substances 
act by raising me (eve. of lymphoktas. Lymphokines stimulae me activity of anttgen- 

Eariy work reUed entirely on heat-knled bacteria (Dices 1936) or Hpopdysaccande 
(LPS) (Johnson « 1. 1956). LPS is reasonably toxic, and, through analysis of ,ts 
0 s.n.cnualc.mpc^.mos.ofi.spn.perUesasanadiuvan.havebeenshown.obeina 

^„^l-^«-I»»-*-----• ,a " b- " ,, ™ ,t,,0 ^ , ■ 

ofparenta. LPS molecule. Lipid A compounds »e often deliver using liposome, 

l5 Recently an intense drive to find potent adjuvants with more acceptable side 

effects ha, led to the production of new synthetic adjuvant. The present invention 
Dra videsmese q «ence. 8 26TCCATGACOTTCCrGACGrT(SBQn> N O:10),wlnch 

activating sequence and is a superb adjuvant win. efficacy comparable « supenor » 
20 complete Freund's, but without apparent toxicity. 

Bacterial DNA and CpG ODN induced IL-6 production in T cell depleted 

25 didnot(Fig 1). rL^producHonplateaueda.appmxhnatelySOMgWofbactenalDNA 
OT 40 of CpG O-ODN. The maximum levels of H-6 indueedhy bacterial DNA and 
CpG ODN were 1-1.5 ng/ml and 2-4 ng/ml respectively. These leveU were signtficantly 
^ater .han toe s«n after stimulation by LPS (0.35 ng/m.) (Fig. 1A). To evalua«e 
whether CpG ODN with a nuciease-resistan, DNA backbone would also induce 0.-6 
30 P roducnon,S^DNwereadded.oTcelldeple4edmurinespleencelk CpGS-ODNalso 
induced IL-6 production in a dependent manner to approximately the same level as 
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CpQO.OD N whilcnon-CpGS^DNfailed,oi^c e IL-6(Fig. .C). CpGS-ODNa, 
a of 0.05 MM could induce maxima. IL-6 production in these ceils. Th,s 

^ indicated that the nuclease-resistant DNA backbone modifcation n<« the 
sequence specific ability of CpG DNAto induce IL-6 section and that CpG S-ODN are 
more than 80-fold more potent than CpG OODN in mis assay system 

fmfum-r rf " <> * m m> 

To evaluate the ability of bacterial DNA and CpG S-ODN to induce IL-o 

^ m in vivo, BALB/c mice we inject iv. with 100 « of E. coU DNA, calf 
thymus DNA, or CpG or non-stimulatory S-ODN and bled 2hr after stimulation. The 
le „e, of IL-6 in the sera from the S. col, DNA injected group was approxrmately 13 
„ 8 ,rM»H.e^-no.de,ec l edinmese ra fromc a ^ym«sDNAorPBSiu j ec^ 

^npscrable*). CpG S-ODN also induced IL-6 secretion in vivo. TneLL^.evehnme 
sera from CpG S-ODN injected groups was approximafcly 20 ng/ml. In cone* IL-6 
was no. detected in the sera fmm non-stimulator, S-ODN stimulated group (Table 4). 
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Sti mulant IL-6 (pg/ml) 

, ' <50 
£ C0 /«DNA 13858 ±3143 
Calf Thymus DNA <5 ° 
CpG S-ODN 20715 ±606 
non-CpG S-ODN <5Q 



iiutt-v^H^ ^ v — — 

^™*™"«X^£%^lt** by W EUSA. 
2 hr after mjectton «> '-">^ °°°° ™ ° s s of the CpG S-ODN is 
Sensitivity hmjtof IW EUS^ «8 5 W ^ ^.atatlatory S-ODN is 
5'GCATGACGTTGAGCT3 SEQ. B>. No. «J ^ there is a CpG in 

15 5'GCTAGATGTTAGOCyn ^'y'^^^^^ stimulation, as explained herein. Data 

results. 

L rinp IL-6 secretion qffer sumvww" u Y ^ 

To evaluate the kinetics of induction of IL-6 secretion by CpG DNA in 
viv0 BALB/cn.cewe re in je ctediv.withCpGorco n trolnon-C P GS-ODN. SerumIL-6 
leve 'ls were significantly increased within 1 hr and peaked at 2 hr to a level of 
25 approximate^ng/mlinmeCpGS-ODNiniectedgroupCFigure^ IL-6 protein in sera 
rapidly decreased after 4 hr and returned to basal level by 12 hr after stimulate In 
contrast to C P G DNA stimulated groups, no significant increase of IL-6 was observed m 
the sera from the non-stimulatory S-ODN or PBS injected groups (Figure 2). 

30 Tmiumim^ inrtirr n flM m)WW VhK* *V W rnotifs in vivo. 

As shown in Figure 2, the level of serum IL-6 increased rapidly after CpG 
DNA stimulation. To investigate the possible tissue origin of this serum IL-6, and the 
ti netic,ofIL-6 g eneexp^^ 

injected iv with CpG or non-CpG S-ODN and RNA was extracted from hver, spleen, 
35 thymus.andbonemarrowatvarioustimepointsafterstimulation. As shown m Rgure 
3A the level of IL-6 mRNA in liver, spleen, and thymus was increased within 30 mm. 
after injection of CpG S-ODN. The liver IL-6 mRNA peaked at 2 hr post-injection and 
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rapidly ****** and reached basal level 8 hr A* stimulation (Figure 3 A). Splenic IL-6 
peaked a. 2 hr after stimulation and then gradual* decreased (Figure 3A). 
Thymus IL-6 mRNA peaked at 1 hr post-iniection and then gradually decreased (F,gure 
3 A) IL-6 mRNA was significantly increased in bone marrow within 1 hr after CpG S- 
5 oDNinjecdonbmmenre^ned^basal^e.. In response to C*3 S-ODN, Uver , spleen 
and thymus showed more subaanual increases in !L-6 nuWA expression man the bone 
marrow. 

r „ o rfrrtf ■a r""*" fafernl bvCvG DM 

, 0 In vivo or in whole spleen cells, no significant increase in the protem 

th e tat * hours (Klinman, D.M. « 1. (.*) »~ « 

2883). H^,^*™™*^^™^^ ^ 
tacieK ed strikingly within 2 hours in me serum of mice injecred with CpG ODN. 

also detected within the first two hours. 
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TflHr* induction 

Sequence (y-J'7 



nfh,,m a n PBM^ i- ytnkine secrtetionby CpG oligos 



ODN 
512 

SEQIDNO:31 



TL^i TNFS IFN-yi GM-CSF 1L-12 



10 



1637 

SEQIDNO:38 



TCCATGTCGGTCCTGATGCT 



500 140 



550 16 



1615 
S EQIDNO:39 
1614 
SEQIDNO:40 



1636 

SEQIDNO:41 



15 



1634 

SEQ ID NO:42 



20 



1619 

SEQ ID NO:43 
1618 

SEQ ID NO:44 



1639 

SEQ ID NO:45 



25 



1707 

SEQIDNO:46 



1708 

SEQIDNO:47 



600 I 145 

lio 1 31 

325 1*250 

loO i 400 



15.6 



7.8 



7.8 



70 



15.6 



45 



275 

loo" 



450 



60 



....AAJT.. 



625 220 



35 
40" 



50 
40 

is" 



200 



15.6 
"l5~T 



..AJTC. 



300 



..CAJTG.. 



270 



70 



10 



17 



17 



80 



15.6 



40 



ND 



are underlined 



250 



16 



145 



31 

250 

40cT 



450 



62 



220 



70 



10 



Measured by EUSA using Quantise kits from R&D System, (og/ml) Mb « 
ta 10 % autologous s«um with the indicated oligodeoxvnuoleotides (12 Kg/ml) 
to4te tothee^ of TOT^oraitefatheotecytokfaesbefore supernatant harvest 

30 andassay. ^v^^^tcy^^^^'-^ 
oligodeoxynucleotide. 
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The same panels ofODN used for studying mouse cytokine expresston 

. 1619 (GTCGTT) was the best indueer of TNF-a and IFN-y secretion, and was closely 
rlo,anea rt yiden tt ca lm o«if,oU 6 onuc l » ti de,«4(OTCGCT)(Ta bl e 5 ). The 

M secr.no. with relatively «* induction Corner cytokines. Tnus, appear. that 
hu man lymphoey.es, Uke murine lymphocytes, secrete cytokines —ally .n 
„ respond to CpO dinuc.eotides, depending on the surrounding base, Moreover, th 
ZfTthatstila .^.-.b-«.«-*-«-— 
human ee„, Certain CpO ohgodeoxynucleotides are poor at acuvanng human cells 
(olie odeoxy„uc,eotides .707, 1708, which contain ft. palindrome fornnng sequences 
QACGTC and CACGTO respectively). 

U The cells responding to the DNA appear to be monocytes, since the 

^okinesec^onUabohshedby^ent of the ceils wiurWWeucinemeM 

el (L-LME), which is selectively toxic to monocytes (but also to cytotoxtc T 

the iaek of a cytokine response among these cells did no. simp,, reflect . nonspectfc 
eeaft „f al, cel, W es. Cytokine secretion in response to E. con (EC) DNA recnures 
r^Cp Q motifs,si^i«is.bo U shedbyn 1 e te ,lationof.e E CD N A(nex,to 

,ne bonom row, Tabic 6). US contamination of me DNA cannot explam the resuns 
25 since the .eve, of contamination was identical in the native and mediated DNA. and 
Z lion of twice the highest amount of contaminating LPS had no effect (no, 

shown). 
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jjhl, C, CyC TUN ,1 inrtnm T*""™ ^ retion bv h,,n,a " PBMC 



15 




20 



10 |cTDNA(50ws/ml) . 1 " by ELISA ustag Quantikine kits from R&D 

^rS^" Kesuhsarere^nveusingPBMC.om 
different donors. L .i e ucyl-L-leucine methyl ester (M-LME) to 

ND - not done 

The loss of cytokine production in the PBMC treated with L-LME 

DNATotestunshypotb^smc^directiy.tee^sofCpGDNA on highly punfled 
human monocytes and macrophages was tested. As hypothesised, CpG DNA directly 
activated production of the cytokines PL-6, GM-CSF, and TNF-« by human 
macrophages, whereas non-CpO DNA did not (Table 7). 

30 
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cvtoldmLexi^^ 




Z^^s described above revealed that mducUon of IL-6 

; je 2), whether the CpO independently Induce I g M and IL-6 P rod„ 
whether ^production is dependent onprior IL-6 secreuon was e Xam ^ T 

cell proliferation (Figure 4B). 

The inched level of mRNA and prolan after CpG DNA 
sttalllati on con* result from — « P— ^ * 

cuUW with CpG ODN, a murine B cei, iine, WEHI-231, -oh prcduces M - 
r^nse ,c CpG DNA, wa, trcnsfected »ith an IL-6 promoter -CAT construe. CpIL- 

CATassayswere^ormedatesttaulan^^^ 

CVGOW Assho^ntaFigureS.CpGODNindueedincre^CATacttvi.yindo.e- 
dependent manner while non-CpG ODN failed to induce CAT activity. This confirms 
30 that CpG induces the transcriptional activity of the IL-6 promoter. 
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10 



15 



whether partial sulfur modification of .he ODN backbone 
^ be sufficient ,o enhance B ce» activatio,, ,Ke effects of a series of ODN « 
same sequence, bu.™* differing numbers of S in.emueleo.ide iinkages a, the 5 and 

determined m - - - PW— e - * ^ ° E °™ 

^ and a vari* nnmber of 3' modified linkages we therefore e—d. 

The lymphocytic stimulating effects of these ODN were tested a. three 
concentrations (3.3, 10, and 30 uM) by measuring die total levels °^^^^^ e ^^^ 

spleencellcul^esCBxample 10). CM.DN.O/Ophosphoron.ioa.mod.ncauo. beam, 
! C^G motif ca*ed no spleen ce.l stimulation „n,ess added . «.= cuhnres a, 
conizations of a. .east .0 uM (Sample .0,. However, wh. .his seuneuce - 
.nodified with two S linkages at the S end a*d a. leas, due, S Imkages at tite 3 en4 
^ificau, stimulation was seen a, a dose of 3, uM. At this ,ow dose, he level of 
ILation showed a progressive increase as me number of 3- modrfted bases « 
^untiln.s^orc.ceededsix.a.wMchpom.thesumnUtton^exbe^ 

uo,«fT«Hintages for spleen cell stimulation was 
todecline.Ingene^theopt.nxalnumberofSSbnkagesforsp 

five . Of all three concentrations tested in these expenments, the S-ODN was less 
stimulatory than the optimal chimeric compounds. 

r r r f lll(ll f fi„mftnnfr ^'" Hn " nn the tyne-d— bacons. 

25 no ptmden c "t 1 p^-meam^ — 

mmmm ' pk ^^ thio a t en ra daedODN(S-OD^aretomo re nucleaseresis.ant 

caused by S-ODN and S-O-ODN (,e.. chimeric phosphoro,hioa<e ODN .» wtach me 
centra, linkages are ph osphodies.er. bu. me .wo S and five 3- linkages are 
phosphorodnoa.emodified,co m par=d»0-ODNn»yresul.from,henudease — 
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of the former. To determine the role of ODN nuclease resistance in — stimulation 
by CpGODN,mesUmu.atoryeffeo K ofel» m ericODNta»hichmc y and3'ettd S we re 

^oered nuclease resistant with either metirylphosphonate (MP-), 
methylphosphorothioate (MPS-), phosphorothioate (S-), or ph„sphorc*hioa,e (S,-) 
mtemu cleo«de ludtages were tesKd (Example 10). These sfcdies showed ma, desp,, 
to nuciease resistance, MP-O-ODN w«e acmally less immune stimulatory than 0- 
ODN However, combining the MP and S modifications by replacing both nonbndgitrg 
O moleou.es with 5' and 3' MPS intenmcl^de linkages restored immune stimulation 
to a slightly higher level than that triggered by O-ODN. 

S 0-ODN were far more stimulatory than 0-ODN, and were even more 
stimulatory than S-ODN, a. .east a. concentrations above 3.3 uM. At concentrations 

S-O-ODN, while the S-ODN with the 3D sconce was less potent man the 
S correspondingS^-ODNWO). In comparing the stimulatory CpG motifc of 
to two s^erces, it was noted tat the 3D sequence is a P— «* * * 
stimulatory motif in ma, me CpO is flanked by two 5' purines and two r pynnudmes. 
However.*ebasesimmedia,e.yflan k ingmeCpGinODN3Dareno,op,in ! al ; r,ha S a 

5 . p^idine and a 3. purine. Based on mrther testing, it was found that me seouence 
,0 requirement for imnwne stimulation is mo, stringent for S-ODN than for S-O- or O- 
' ODN ^OD^i^^^^^^^^^^ 

aai vation(,g.Se q uencc3D). However, s-ODNwim good matches to .he motif, most 

critically a, the positions immediately Barring the CpG, are more potent than the 
M n^^S-0-ODN(.g.Se,u^e3MSe,u=ncos4and6),eve„mo«Bhatlugher 

25 concentrations (greater than 3 uM, the pea, effec, tan the S-O-ODN is greater 

(Example 10). 

S -OODN were remarkably stimulatory, and caused substantially greater 
lymp hc«vte actuation man the conning S-ODN or S-O-ODN a. every tested 

30 concentration. 
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The increased B cell stimulation seen with CpG ODN bearing S or S, 

5 ^t.****,*-**™'"'*****- Prior Sadies have shown 

m al. (1993) Comparison of cellular binding and uptake of anrisense phosphodteaer, 
^horomio^tnhcedpho^^ 

— and Deve to pmen, , «, Zhao (W^J 
10 Ugonucleoride^emmurmebonemar.wBceliprec™. 

TKWghestcenmen^bind^andnpt^wasseenwimS^Mowed^^ 

ODN.O^DN.andMP-ODN.WsdifT^nalup^^ateswel.wi.hmedeg.e 
of immune stimulation. 

^^-^^Z^L* to determine whether CpG — g 

MshownMahleB.an^edindueUonofNKacri^amongspleencenseu^w.th 
CpG ODN 1 and 3Dd was observed. In conttast, .here was redely no indncfon » 
20 effector, that had been treated with non-CpG control ODN. 
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o/o YAC-1 Specific Lysis* % 2C11 Specific Lysis 

Effector. Target Effector: Target 

50:1 100:1 50:1 100:1 

_ 14 15.3 16.6 

None u « 7 47 ? 

. 16.1 24.5 38/7 4/ '* 

17 1 27 0 370 400 

3Dd 17 ' 1 27 -° 14 .8 15.4 

non-CpGODN -1-6 " 17 

Bacterial DNA cultured for 18 tes. at 37°C and then assayed for kdlmg 

, 5 , To determine whether the stimulator, activity of bacteria. DNA ma, he a 
c nseouenc. of its increased level of unmediylaW CpG dinucleotides. the acting 
^s of tnore than 50 synthetic ODN containing numerated, medtylated, or no 
CpG dinucleotides was tested. The results, —zed in Table 9, demonstrate that 

20 unmemyla^CpGdinucleotide. No diflerence was ohserved in the sumulatory effects 
of ODN in which the CpG was within apalindrome (such as ODN 1585, which contains 
the palindrome AACGTT) from those ODN wittai, pahndromes (such as 16! or 
l619)wlto d,e caveat *a, optimal stimnton was gene* seen with ODN in which 
the CpG was flanked by two 5' purines or a 5' GpT dinucleotide and two * pyrimidines. 

of the ODN The data indicates that the murine NK response is dependent on the prior 
activauonofmonocytesby CpG DNA, leading to the production of rW2,TNF-o, and 

IFN-ato (Example 11). 
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Table 9. In duction of NK 



^ n hy „ M 4 rnnt a ini ng CpGMotifibitn^ 



|M»n-r pG PNA 



10 



DNA or Cytokine Added 

Cells 

Expt. 1 None 
IL-2 

E.Coli. DNA 
Calf thymus DNA 



Expt. 2 None 

1585 ggGGT C AACGTTGACgggg 



15 



1629 



-gtC- 



LU/10 6 
Mouse Cells Human 

0.00 0.00 

16.68 15.82 

7.23 5.05 

0.00 0.00 

0.00 3.28 
(SEQIDNo.12) 7.38 17.98 
(SEQIDNo.50) 0.00 4.4 



20 



EXpt3 WOOCTAGACOnAGTOr 

I7g9 Z 

1619 TCCATGTCGTTCCTGATGCT 

1765 Z 



25 



30 



35 



(SEQIDNo.5l) 
(SEQIDNo.52) 
(SEQIDNo.43) 
(SEQIDNo.53) 



0.00 
5.22 
0.02 
3.35 
0.11 



ND 
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CpG dinucleoudes in ODN ^JZ>^££3£S£* 
Jrtg«*>*» ^~tt££?£2£5Z» 1« 4- 20 times as 
^nucleotide ™£™ „XSdng bases. Poly G ends <g) were 

From * of tas studies, a more complett understanding of the immune 
.fleets of CpG DNA has been developed, which is summarized in Figure 6. 

^eactivationbyCpGmotifsrr^def-donb^flarJdngteCpG, 

I m ld eal base context can be a very strong and useml inunune activator, super* 

flanking bases. For activation of murine B cells, the optima, CpG motif ,s TGACGTT. 

^cfo.lowmgs.udies^co^uc.ed.oidentifyop.imalODNseouences 
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10 



15 



20 



and flanking bases of CpG dinucleotides. 

i r> n nniif* far nrtivati ™ n f human NK 

^ To have clinical utility, ODN must be adnunistered to a subject in a form that 

nrotects .hen, agams, nuclease degradation. Methods to accomplish this with phosphodiester 

, This section can also be achieved using chemical substitutes to the DNA 
Tril^lT— indudiug mose in which the u— .tide linkages are . 
s „ch as ^> ^ ^ ^ prooBrtiM ^ as 

"„ le of the nonb^ng oxygen atoms with a sutfhr, which constitutes 

Phospho^oateO.Khaveenhanc.cel^up*^ 

Hes Dev 6133 1996.) and improved B cell stimulation if they also have a CpG 
u t,„ m ,hioate ODN that will activate human NK cells is very important, 
in various base context - on human NK activation (Table .0) were examined. ODNim 

containingdiflerentnumbe* and spacing ofCpG motifs, were »d« "™* 
asacontrol. The results are shown in Table U. 

Effective ODNs began with a TC or TG at the 5' end, however, this requirement 

stimulators man those in which a GTCGCT motif immensely follows me 5 TC «.* ODN 
rid 196,. ODN^S.wbichhasa^GTCGTTmotifinits.ha.f.wasconsts.en.ry 

slight* more potent man ODN 196S in experiment, 1 and 3, bu, no, ,n expenment 2. ODN 
2 „05 which has a third GTCGTT motif, induced slightly higher NK activity on average than 
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1968. However, ODN 2006, in which the spacing between the GTCGTT motifs was increased 
by the addition of two Ts between each motif, was superior to ODN 2005 and to ODN 2007, in 
which only one of the motifs had the addition of the spacing two Ts. The minimal acceptable 
spacing between CpG motifs is one nucleotide as long as the ODN has two pyrimidines 
(preferably T) at the 3' end {e.g., ODN 2015). Surprisingly, joining two GTCGTT motifs end 
to end with a 5' T also created a reasonably strong inducer of NK activity {e.g., ODN 201 6). The 
choice of thymine (T) separating consecutive CpG dinucleotides is not absolute, since ODN 
2002 induced appreciable NK activation despite the fact that adenine (A) separated its CpGs {i.e., 
CGACGTT). It should also be noted that ODNs containing no CpG {e.g., ODN 1982), runs of 
CpGs, or CpGs in bad sequence contexts {e.g., ODN 2010) had no stimulatory effect on NK 



activation. 
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10 



Tnhle 1 0 QDN induction nf NK Lvt if Activity (LV) 



ODN Sequence (5'-3') LU 

cells alone „ 

1754 ACCATGGACGATCTGTTTCCCCTC 0.02 

TCTCCCAGCGTGCGCCAT 0.05 

TACCGCGTGCGACCCTCT 0.05 

1776 ACCATGGACGAACTGTTTCCCCTC 0.03 

1777 ACCATGGACGAGCTGTTTCCCCTC 0.05 

1778 ACCATGGACGACCTGTTTCCCCTC 0.01 

1779 ACCATGGACGTACTGTTTCCCCTC 0.02 

1780 ACCATGGACGGTCTGTTTCCCCTC 0.29 

1781 ACCATGGACGTTCTGTTTCCCCTC 0.38 

1823 
1824 



1758 
1761 



GCATGACGTTGAGCT 0.08 

CACGTTGAGGGGCAT 0.01 

15 1825 CTGCTGAGACTGGAG 0.01 

TCAGCGTGCGCC 0.01 

ATGACGTTCCTGACGTT 0.42 

RANDOM SEQUENCE 0.25 

TCTCCCAGCGGGCGCAT 0.00 
20 1836 TCTCCCAGCGCGCGCCAT 



1828 
1829 
1830 2 
1834 



1840 
1841 
1842 
1851 



0.46 



TCCATGTCGTTCCTGTCGTT 2.70 

TCCATAGCGTTCCTAGCGTT 1-45 

TCGTCGCTGTCTCCGCTTCTT 0.06 

TCCTGACGTTCCTGACGTT 2.32 



25 



'Lytic units (LU) were measured as described (8). Briefly, PBMC were collected from normal 
donors and spun over Ficoll, then cultured with or without the indicated ODN (which were added 
to cultures at 6 ng/ml) for 24 nr. Then their ability to lyse "Cr-labeled K562 cells was 
determined. The results shown are typical of those obtained with several different normal human 
donors. *This oligo mixture contained a random selection of all 4 bases at each position. 



30 
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jgh ioj t Induction of NK T TI hv Phn . phorothinate CnG ODN with Good Motifs 

ODN' sequence (5'-3') 
cells alone 

1840 TCCATGT££TTCCTGT£GTT 

5 1960 TCCTGTC£TTCCTGT£GJT 

1961 TCCATGT£QTTTTTGT£fiTT 

1962 TCCTGTCCjTTCCTTGTCfiTT 

1963 TCCTTGTCQTTCCTGTQGTT 
1965 TCCTGTCQTTTTTTGTCGTT 

10 1966 TCGTCGCTGTCTCCGCTTCTT 

1967 TCQTCCiCTGTCTGCCCTTCTT 

1968 TCQTCQCTGTTGTCfiTTTCTT 
1979 2 TCCATGTZGTTCCTGTZGTT 
1982 TCCAGGACTTCTCTCAGGTT 

15 1990 TCCATG£STGCeTGCSTTTT 

1991 TCCATGCQTTGCGTTGCGTT 

2002 TCCACGACGTTTTCGACGTT 

2005 TC£TCGTTGTC£TTGTCGTT 

2006 TCGTCGTTTTGTCGTTTTGTCGTT 
20 2007 TCeTCfiTTGTCQTTTTGTCGTT 

2008 GCGTGCGTTGTCGTTGTCGTT 

2010 GCGGCQGGCGGCGCGCGCCC 

2012 TGTCQTTTGTffiTTTGTCfiTT 

2013 TGTCGTTGTCfiTTGTCQTTGTCeTT 
25 2014 TGTCeTTGTCGTTGTCGTT 

2015 TC£TCGTC£T£GTT 

2016 TGTCjQTTGTCGTT 

'PBMC essentially as described herein. Results are representative of 6 separate ^ m <^ 
30 each experiment represents a different donor. 'This is the methylated version of ODN 1 840; 
Z=5-methyl cytosine LU is lytic units; ND = not done; CpG dinucleotides are underlined for 
clarity 

nf rhnznhorat h innt* ODN with optimal CpG motifs for activation of human B cell 

proliferation 



35 



expt. 1 


expt. 2 


expt. 3 


0.00 


1.26 


0.46 


2.33 


ND 


ND 


ND 


0.48 


8.99 


a m 


1.23 


5.08 


NTH 


1.60 


5.74 


^ Al 


ND 


ND 


U.HO 


0.42 


3.48 


i fh 

Z.OZ 




ND 


3.oZ 


1 64 


8.32 


1 11 


S 26 


6.12 


1 11 
l.JZ 


ND 


ND 




ND 


0.98 


i in 

Z. lv 


ND 


ND 




ND 


ND 


A (Y) 


1.31 


9.79 


ND 


4.22 


12.75 


ND 


6.17 


12.82 


ND 


2.68 


9.66 


ND 


1.37 


8.15 


ND 


0.01 


0.05 


ND 


2.02 


11.61 


ND 


0.56 


5.22 


ND 


5.74 


10.89 


ND 


4.53 


10.13 


ND 


6.54 


8.06 



The ability of a CpG ODN to induce B cell proliferation is a good measure of its 
adjuvant potential. Indeed, ODN with strong adjuvant effects generally also induce B cell 
proliferation. To determine whether the optimal CpG ODN for inducing B cell proliferation are 
the same as those for inducing NK cell activity, similar panels of ODN (Table 12) were tested. 
The most consistent stimulation appeared with ODN 2006 (Table 12). 
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Tahlo 11. inHiif-rinn of human R cell pro l iferation hv Phosphorothioate CpG ODN 



DN 



sequence (5'-3') Stimulation Index 1 



expt. 1 


expt. 2 


expt. 3 


expt. 4 


expt 


4 


ND 


ND 


xrr\ 
IN1J 


N 


3 


ND 


ND 


i\m 

iSU 


N 


ND 


2.0 


2.1) 


J.o 


N 


2 


3.9 


1.9 






ND 


3.8 


1.9 




< 
j . 


.3 


ND 


ND 


XTT"\ 


N 
i\ 


4 


3.7 


2.4 


A H 


A 
0. 


ND 


A A 

4.4 






5. 


ND 


4.0 


2.0 


4.9 


8. 


3 


1.8 


1.3 


3.1 


3. 


ND 


2.7 


1.4 


4,4 


N 


5 


3.2 


L.2 


3.0 


7. 


4 


4.5 


2.2 


5.8 


8. 


3 


4.0 


4.2 


4.1 


N 


ND 


3.0 


2.4 


1.6 


N 


ND 


1.6 


1.9 


3.2 


N 


2 


2-8 


0 


3.2 


N 


3 


2.3 


3.1 


2.8 


N 


3 


2.5 


4.0 


3.2 


6. 


5 


1.8 


2.6 


4.5 


9. 


ND 


1.1 


1.7 


2.7 


7. 



1840 TCCATGTCQTTCCTGTCQTT 

5 1841 TCCATAGCQTTCCTAGCQTT 

1960 TCCTGTCGTTCCTGT£QTT 

1961 TCCATGT£QTTTTTGT£STT 

1962 TCCTGT£GJTCCTTGT££TT 

1963 TCCTTGTQQTTCCTGTCSTT 
10 1965 TCCTGT£QTTTTTTGT£GTT 

1967 TCGTCGCTGTCTGCCCTTCTT 

1968 T£GTCQCTGTTGT£eTITCTT 
1982 TCCAGGACTTCTCTCAGGTT 

2002 TccACfiACffrnrcaACQiT 

15 2005 TCfiTCGTTGTCGTTGTCGTT 

2006 TCGTCGTTTTGTCGTTTTGTCGTT 

2007 TCGTCGTTGT£GTTTCGT££TT 

2008 GCGTGCQTTGTCQTTGTCGJT 
2010 GC£GCGGGC£GC3££QG.CCC 

20 2012 TGT£QTTTGTCGTTTGTCGTT 

2013 TGTCGTTGTCQTTGTCGTTGTCGTT 

2014 TGTQQTTGTCQTTGTCQ1T 

2015 TfifiTCGJQQTeSTT 

2016 TGTCQTTGT£QTT 

" icdls = humansplcencdl8St0redat-7OCaftesu^ 

donors and spun over FicolL Cells were cultured in 96 well U-bottom microtiter plates with or 
without the indicated ODN (which were added to cultures at 6 uml). N = 12 experiments. Cells 
were cultured for 4-7 days, pulsed with 1 uCi of >H thymidine for -18 hrbefon 'harvested 
30 scintillation counting. Stimulation index = the ratio of cpm m 

wells that had been stimulated throughout the culture period with the indicated ODN (there were 
no further additions of ODN after the cultures were set up). ND = not done 

U B «fif,rntinn nf phos Phnrnthinate ODp that induce human 11,-U mention 

The ability of a CpG ODN to induce IL-12 secretion is a good measure of its 
35 adjuvant potential, especially in terms of its ability to induce a Thl immune response, which 
is highly dependent on IL-12. Therefore, the ability of a panel of phosphorothioate ODN to 
induce IL-12 secretion from human PBMC in vitro (Table 13) was examined. These 
experiments showed that in some human PBMC, most CpG ODN could induce IL-12 
secretion (e.g.. expt. 1). However, other donors responded to just a few CpG ODN (eg., expt. 
40 2). ODN 2006 was a consistent inducer of IL12 secretion from most subjects (Table 1 3). 
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expt. 1 


expt. 2 


0 


0 


19 


0 


36 


0 


41 


0 


24 


0 


25 


0 


29 


15 


28 


0 


14 


0 


3 


0 



Tlh | r 1 1 Tnrfnrtinn of hu m an TT -1 2 secretion hv Phosphorothioate CpG ODN 

0DN i sequence {5'-!') IL; 12 (P^ 1 " 1 ) 

cells alone 

1962 TCCTGTCGTTCCTTGTCGTT 
1965 TCCTGTCGTTTTTTGTCGTT 

1967 TCGTCGCTGTCTGCCCTTCTT 

1968 TCGTCGCTGTTGTCGTTTCTT 

2005 TCGTCGTTGTCGTTGTCGTT 

2006 TCGTCGTTTTGTCGTTTTGTCGTT 

2014 TGTCGTTGTCGTTGTCGTT 

2015 TCGTCGTCGTCGTT 

2016 TGTCGTTGTCGTT 
'PBMC were collected from normal donors and spun over Ficoll, then cultured at 10 
cells/well in 96 well microtiter plates with or without the indicated ODN which were added to 
cultures at 6 ug/ml. Supernatants were collected at 24 hr and tested for IL-12 levels by 
ELISA as described in methods. A standard curve was run in each experiment, which 
represents a different donor. 

Uo ^miinn o f » nnd monocvte./NK cell-specific o^qnucleQ^s . 

As shown in Figure 6, CpG DNA can directly activate highly purified B cells and 
monocytic cells. There are many similarities in the mechanism through which CpG DNA 
activates these cell types. For example, both require NFkB activation as explained further 
below. 

In further studies of different immune effects of CpG DNA, it was found that there is 
more than one type of CpG motif. Specifically, oligo 1668, with the best mouse B cell motif, 
is a strong inducer of both B cell and natural killer (NK) cell activation, while oligo 1758 is a 
weak B cell activator, but still induces excellent NK responses (Table 14). 



TohiP 1 4 niffer»nt TnG motifs stimulate optimal murine B cell and NK activa tion 
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ODN 



Sequence B cell activation, NK activation 



10 



1668 TCCATGA£GTTCCTGATGCT (SEQ.ID.NO:44) 42,849 2.52 

1758 TCTCCCAG£GTGCGCCAT(SEQ.ID.N0.55) 1,747 6.66 

NONE 367 000 

CpG dinucleotides are underlined; oligonucleotides were synthesized with phosphorothioate 
modified backbones to improve their nuclease resistance-Measured by H thymidine 
incorporation after 48 hr culture with oligodeoxynucleotides at a 200 nM concentration as 
described in Example 1. 'Measured in lytic units. 



Teleological Basis oflmmunostimula tnrv. Nucleic Acids 



Vertebrate DNA is highly methylated and CpG dinucleotides are 
underrepresented. However, the stimulatory CpG motif is common in microbial genomic DNA, 
but quite rare in vertebrate DNA. In addition, bacterial DNA has been reported to induce B cell 

15 proliferation and immunoglobulin (Ig) production, while mammalian DNA does not (Messina, 
J.P. etal, J. Immunol. 747:1759 (1991)). Experiments further described in Example 3, in which 
methylation of bacterial DNA with CpG methylase was found to abolish mitogenicity, 
demonstrates that the difference in CpG status is the cause of B cell stimulation by bacterial 
DNA. This data supports the following conclusion: that unmethylated CpG dinucleotides present 

20 within bacterial DNA are responsible for the stimulatory effects of bacterial DNA. 

Teleologically, it appears likely that lymphocyte activation by the CpG motif 
represents an immune defense mechanism that can thereby distinguish bacterial from host DNA. 
Host DNA, which would commonly be present in many anatomic regions and areas of 
inflammation due to apoptosis (cell death), would generally induce little or no lymphocyte 

25 activation due to CpG suppression and methylation. However, the presence of bacterial DNA 
containing unmethylated CpG motifs can cause lymphocyte activation precisely in infected 
anatomic regions, where it is beneficial. This novel activation pathway provides a rapid 
alternative to T cell dependent antigen specific B cell activation. Since the CpG pathway 
synergizes with B cell activation through the antigen receptor, B cells bearing antigen receptor 

30 specific for bacterial antigens would receive one activation signal through cell membrane Ig and 
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a second signal from bacterial DNA, and would therefore tend to be preferentially activated. The 
interrelationship of this pathway with other pathways of B cell activation provide a physiologic 
mechanism employing a polyclonal antigen to induce antigen-specific responses. 

However, it is likely that B cell activation would not be totally nonspecific. B 
cells bearing antigen receptors specific for bacterial products could receive one activation signal 
through cell membrane Ig, and a second from bacterial DNA, thereby more vigorously triggering 
antigen specific immune responses. As with other immune defense mechanisms, the response 
to bacterial DNA could have undesirable consequences in some settings. For example, 
autoimmune responses to self antigens would also tend to be preferentially triggered by bacterial 
infections, since autoantigens could also provide a second activation signal to autoreactive B cells 
triggered by bacterial DNA. Indeed the induction of autoimmunity by bacterial infections is a 
common clinical observance. For example, the autoimmune disease systemic lupus 
erythematosus, which is: i) characterized by the production of anti-DNA antibodies; ii) induced 
by drugs which inhibit DNA methyltransferase ( Cornacchia, E.J. et al, J. Clin. Invest. 92:2% 
(1993)); and iii) associated with reduced DNA methylation ( Richardson, B., L. et al, Arth. 
Rheum 35:647 (1992)), is likely triggered at least in part by activation of DNA-specific B cells 
through stimulatory signals provided by CpG motifs, as well as by binding of bacterial DNA to 
antigen receptors. 

Further, sepsis, which is characterized by high morbidity and mortality due to 
massive and nonspecific activation of the immune system may be initiated by bacterial DNA and 
other products released from dying bacteria that reach concentrations sufficient to directly 
activate many lymphocytes. Further evidence of the role of CpG DNA in the sepsis syndrome 
is described in Cowdery, J., et. al., (1996) The Journal of Immunology 156:4570-4575. 



Unlike antigens that trigger B cells through their surface Ig receptor, CpG-ODN 
did not induce any detectable Ca z+ flux, changes in protein tyrosine phosphorylation, or IP 3 
generation. Flow cytometry with FITC-conjugated ODN with or without a CpG motif was 
performed as described in Zhao, Q etal.,( Antisense Research and Development 3:53-66 (1993)), 
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and showed equivalent membrane binding, cellular uptake, efflux, and intracellular localization. 
This suggests that there may not be cell membrane proteins specific for CpG ODN. Rather than 
acting through the cell membrane, that data suggests that unmethylated CpG containing 
oligonucleotides require cell uptake for activity: ODN covalently linked to a solid Teflon support 
5 were nonstimulatory, as were biotinylated ODN immobilized on either avidin beads or avidin 
coated petri dishes. CpG ODN conjugated to either FITC or biotin Tetained full mitogenic 
properties, indicating no steric hindrance. 

Recent data indicate the involvement of the transcription factor NFkB as a direct 
or indirect mediator of the CpG effect. For example, within 15 minutes of treating B cells or 
10 monocytes with CpG DNA, the level of NFkB binding activity is increased (Figure 7). However, 
it is not increased by DNA that does not contain CpG motifs. In addition, it was found that two 
different inhibitors of NFkB activation, PDTC and gliotoxin, completely block the lymphocyte 
stimulation by CpG DNA as measured by B cell proliferation or monocytic cell cytokine 
secretion, suggesting that NFkB activation is required for both cell types. 



15 



There are several possible mechanisms through which NFkB can be activated. 
These include through activation of various protein kinases, or through the generation of reactive 
oxygen species. No evidence for protein kinase activation induced immediately after CpG DNA 
treatment of B cells or monocytic cells have been found, and inhibitors of protein kinase A, 
protein kinase C, and protein tyrosine kinases had no effects on the CpG induced activation. 
20 However, CpG DNA causes a rapid induction of the production of reactive oxygen species in 
bothB ceils and monocytic cells, as detected by the sensitive fluorescent dye dihydrorhodamine 
123 as described in Royall, J.A., and Ischiropoulos, H. (Archives of Biochemistry and Biophysics 
302:348-355 (1993)). Moreover, inhibitors of the generation of these reactive oxygen species 
completely block the induction of NFkB and the later induction of cell proliferation and cytokine 
25 secretion by CpG DNA. 

Working backwards, the next question was how CpG DNA leads to the generation 
of reactive oxygen species so quickly. Previous studies by the inventors demonstrated that 
oligonucleotides and plasmid or bacterial DNA are taken up by cells into endosomes. These 
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endosomes rapidly become acidified inside the cell. To determine whether this acidification step 
may be important in the mechanism through which CpG DNA activates reactive oxygen species, 
the acidification step was blocked with specific inhibitors of endosome acidification including 
chloroquine, monensin, and bafilomycin, which work through different mechanisms. Figure 8 A 

5 shows the results from a flow cytometry study using mouse B cells with the dihydrorhodamine 
123 dye to determine levels of reactive oxygen species. The dye only sample in Panel A of the 
figure shows the background level of cells positive for the dye at 28.6%. As expected, this level 
of reactive oxygen species was greatly increased to 80% in the cells treated for 20 minutes with 
PMA and ionomycin, a positive control (Panel B). The cells treated with the CpG oligo also 

10 showed an increase in the level of reactive oxygen species such that more than 50% of the cells 
became positive (Panel D). However, cells treated with an oligonucleotide with the identical 
sequence except that the CpG was switched did not show this significant increase in the level of 
reactive oxygen species (Panel E). 

In the presence of chloroquine, the results are very different (Figure 8B). 
1 5 Chloroquine slightly lowers the background level of reactive oxygen species in the cells such that 
the untreated cells in Panel A have only 4.3% that are positive. Chloroquine completely 
abolishes the induction of reactive oxygen species in the cells treated with CpG DNA (Panel B) 
but does not reduce the level of reactive oxygen species in the cells treated with PMA and 
ionomycin (Panel E). This demonstrates that unlike the PMA plus ionomycin, the generation of 
20 reactive oxygen species following treatment of B cells with CpG DNA requires that the DNA 
undergo an acidification step in the endosomes. This is a completely novel mechanism of 
leukocyte activation. Chloroquine, monensin, and bafilomycin also appear to block the 
activation of NFkB by CpG DNA as well as the subsequent proliferation and induction of 
cytokine secretion. 
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Chrrrt" Activati on hv C. p ? DNA and Autoimmune Disorders 

B cell activation by CpG DNA synergizes with signals through the B cell receptor. 
This raises the possibility that DNA-specific B cells may be activated by the concurrent binding 
of bacterial DNA to their antigen receptor, and by the co-stimulatory CpG-mediated signals. In 
addition, CpG DNA induces B cells to become resistant to apoptosis, a mechanism thought to 
be important for preventing immune responses to self antigens, such as DNA. Indeed, exposure 
to bDNA can trigger anti-DNA Ab production. Given this potential ability of CpG DNA to 
promote autoirnmunity, it is therefore noteworthy that patients with the autoimmune disease 
systemic lupus erythematosus have persistently elevated levels of circulating plasma DNA which 
1 0 is enriched in hypomethylated CpGs. These findings suggest a possiblerale for chronic immune 
activation by CpG DNA in lupus etiopathogenesis. 

A class of medications effective in the treatment of lupus is antimalarial drugs, 
such as chloroquine. While the therapeutic mechanism of these drugs has been unclear, they are 
known to inhibit endosomal acidification. Leukocyte activation by CpG DNA is not mediated 

15 through binding to a cell surface receptor, but requires cell uptake, which occurs via adsorptive 
endocytosis into an acidified chloroquine-sensitive intracellular compartment. This suggested 
the hypothesis that leukocyte activation by CpG DNA may occur in association with acidified 
endosomes, and might even be pH dependent. To test this hypothesis specific inhibitors of DNA 
acidification were applied to determine whether B cells or monocytes could respond to CpG 

20 DNA if endosomal acidification was prevented. 

The earliest leukocyte activation event that was detected in response to CpG DNA 
is the production of reactive oxygen species (ROS), which is induced within five minutes in 
primary spleen cells and both B and monocyte cell lines. Inhibitors of endosomal acidification 

includmgcWo ro quine,bafiW 
25 blocked the CpG-induced generation of ROS, but had no effect on ROS generation mediated by 
PMA, or ligation of CD40 or IgM. These studies show that ROS generation is a common event 
in leukocyte activation through diverse pathways. This ROS generation is generally independent 
of endosomal acidification, which is required only for the ROS response to CpG DNA. ROS 
generation in response to CpG is not inhibited by the NFkB inhibitor gliotoxin, confirming that 
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it is not secondary to NFkB activation. 

To determine whether endosomal acidification of CpG DNA was also required 
for its other immune stimulatory effects were performed. Both LPS and CpG DNA induce 
similar rapid NFkB activation, increases in proto-oncogene mRNA levels, and cytokine 
5 secretion. Activation of NFkB by DNA depended on CpG motifs since it was not induced by 
bDNA treated with CpG methylase, nor by ODN in which bases were switched to disrupt the 
CpGs. Supershift experiments using specific antibodies indicated that the activated NFkB 
complexes included the p50 and p65 components. Not unexpectedly, NFkB activation in LPS- 
or CpG-treated cells was accompanied by the degradation of IkBcc and iKBp. However, inhibitors 
10 of endosomal acidification selectively blocked all of the CpG-induced but none of the LPS- 
induced cellular activation events. The very low concentration of chloroquine (<10 |iM) that has 
been determined to inhibit CpG-mediated leukocyte activation is noteworthy since it is well 
below that required for antimalarial activity and other reported immune effects {e.g., 100-1000 
HM). These experiments support the role of apH-dependent signaling mechanism in mediating 
1 5 the stimulatory effects of CpG DNA. 
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Table 15. Sowtfic blockade of CoG-induced TNF-a a nd 1L-12 expression bv inhibitors 
of endosomai acidification or NFkB activation 



1 


Inhibitors: 


i i 


1 1 


activato 


Medium 


Bafilomycin 


Chloroquine 


Monensin 


NAC 


1PCK 


Gliotoxi 


Bisgliot 


rs 






(250 nM) 


(2.5 ug/mi) 


(10 uM) 


(50 


(50 


n(0.1 


xin (0.1 




















mM) 


uM) 


Lg/ml) 


Ug/mi) 




TNF- 
a 


IL-12 


TNF-a 


IL-12 


TNF-a 
27 


IL-12 
20 


TNF-a 
22 


IU12 
73 


TNF-a 
10 


TNF-a 
1 24 


TNF-a 
17 


TNF-a 
41 


Medium 
CpG 

ODN 
LPS 


i 37 
455 

! 901 


147 
17,114 

??.485 


46 
71 

1370 


102 
116 

| 4051 


28 
1025 


6 

12418 


49 
491 


777 
"4796" 


54 
417 


23 
46 


31 
178 


441 
i 1120 



Table 1 5 leeend IL-12 and TNF-a assays: The murine monocyte cell line J774 ( 1x10 s cells/ml 
for IL-12 or"lxl0 6 cells/ml for TNF-a), were cultured with or without the indicated inhibitors at 
the concentrations shown for 2 hr and then simulated with the CpG oligodeoxynucleoude (ODN) 
1826 (TCCATGACGTTCCTGACGTT SEQ ID NO: 10) at 2uM or LPS (10 ug/ml) for 4hr 
(TNF-a) or 24 hr (IL-12) at which time the supernatant was harvested. ELISA for IL-12 or TNF- 
a (ne/ml) was performed on the supematants essentially as described (A. K. Krieg, A.-K. Yi, S. 
Mateon, T. J. Waldschmidt, G. A. Bishop, R. Teasdale, G. Koretzky and DKhimTan.No/ure 
374 546 (1995); Yi, A.-K., D. M. Klinman, T. L. Martin, S. Matson and A. M. Kneg. J. 
ZmunolZ. 5394-5402 (1996); Krieg, A. M, J. Lab. CUn. Med, 128, 128-133 (1996). CeUs 
cultured with ODN that lacked CpG motifs did not induce cytokine secretion. Similar specific 
inhibition of CpG responses was seen with IL-6 assays, and in experiments using primary spleen 
cells orthe B ceU lines CH12.LX and WEHI-231. 2.5 ug/ml of chloroquine is equivalent to< 5 
uM Other inhibitors of NF-xB activation including PDTC and calpain inhibitors I and II gave 
similar results to the inhibitors shown. The results shown are representative of those obtained 
in ten different experiments. 

Excessive immune activation by CpG motifs may contribute to the pathogenesis 
of the autoimmune disease systemic lupus erythematosus, which is associated with elevated 
levels of circulating hypomethylated CpG DNA. Chloroquine and related antimalarial 
compounds are effective therapeutic agents for the treatment of systemic lupus erythematosus 
and some other autoimmune diseases, although theirmechanism of action has been obscure. Our 
demonstration of the ability of extremely low concentrations of chloroquine to specifically inhibit 
CpG-mediated leukocyte activation suggests a possible new mechanism for its beneficial effect. 
It is noteworthy that lupus recurrences frequently are thought to be triggered by microbial 
infection. Levels of bDNA present in infected tissues can be sufficient to induce a local 
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inflammatory response. Together with the likely role of CpG DNA as a mediator of the sepsis 
syndrome and other diseases our studies suggest possible new therapeutic applications for 
antimalarial drugs that act as inhibitors of endosomal acidification. 

CpG-induced ROS generation could be an incidental consequence of cell 
activation, or a signal that mediates this activation. The ROS scavenger N-acetyl-Lxysteine 
(NAC) blocks CpG-induced NFkB activation, cytokine production, and B cell proliferation, 
suggesting a causal role for ROS generation in these pathways. These data are compatible with 
previous evidence supporting a role for ROS in the activation of NficB. WEHI-231 B cells 
(5x10 s cells/ml) were precultured for 30 minutes with or without chloroquine (5 ug/ml [< 10 
uM]) or gliotoxin (0.2 ug/ml). Cell aliquots were then cultured as above for 1 0 minutes in RPMI 
medium with or without a CpG ODN (1826) or non-C P G ODN (1911) at 1 uM or phorbol 
myristate acetate (PMA) plus ionomycin (iono). Cells were men stamedwim dmydrorhodarmne- 
1 23 and analyzed for intracellular ROS production by flow cytometry as described (A. K. Krieg, 
A-K. Yi S. Matson, T. J. Waldschmidt, G. A. Bishop, R. Teasdale, G. Koretzky and D. 
Klinman,' Nature 374, 546 (1995); Yi, A.-K., D. M. Klinman, T. L. Martin, S. Matson and A. 
M Krieg, J. Immunol., 157, 5394-5402 (1996); Krieg, A. U,J. Lab. Clin. Med., 128, 128-133 
(1996)). J774 cells, a monocytic line, showed similar P H-dependent CpG induced ROS 
responses In contrast, CpG DNA did not induce the generation of extracellular ROS, nor any 
detectable neutrophil ROS. These concentrations of chloroquine (and those used with the other 
inhibitors of endosomal acidification) prevented acidification of the internalized CpG DNA usmg 
fluorescein conjugated ODN as described by Tonkinson, et al, (Nucl. Acids Res. 22, 4268 
(1994); A. M. Krieg, In: Delivery Strategies for Antisense Oligonucleotide Therapeutics. Editor, 
S Akhtar, CRC Press, Inc., pp. 177 (1995)). At higher concentrations than those required to 
inhibit endosomal acidification, nonspecific inhibitory effects were observed. Each experiment 
was performed at least three times with similar results. 

While NFkB is known to be an important regulator of gene expression, it's role 
in the transcriptional response to CpG DNA was uncertain. To determine whether this NFkB 
activation was required for the CpG mediated induction of gene expression cells were activated 
D with CpG DNA in the presence or absence of pyrrolidine dithiocarbamate (PDTC), an inhibitor 
of IkB phosphorylation. These inhibitors of NFkB activation completely blocked the CpG- 
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10 



15 



induced expression of pro.ooncog.ne and cytokine n*NA and protein, denoting the 
underthe experimental conditions used in these s«ud,e, M774, a murine mor»cy,ecdU™ 

1826 .Tab 1 e 15 ,orano„^GODN(ODN 1 745;TCCATGAGCrTCCTOAGTCT)a t 0,5^M 
ODN confining a — s NF*B site was r radiolabeled and used as a probe for EMSA 

1 4 7 5(19WltI»«l^M•l>^> t ^• a ^ P • W • ,tt ^ C • H • M * y • 

andR Wall ^o/. 1M22 (1990)). Theposirionof tepSO/poS heterodintcwas 

Cruz CA, „^^°W-^™™< LrS ^™ X *' Cm " 

chlorine 00 ug« - - — - - — * ' * ^ ^ * ^ 

„„n-CpGODNorLPS(l ug/ml). SirmlarcUo^inesensidveCpG-indueodaebvat.onofNFKB 

was seen in a B cel. line. WEHI-231 and primary spleen ce.ls. H. experime*s were 
performed thee times over a range of duoroouine c^entrauons *om 2.5 to 20 pg^l - 

similar results. 

I^alsoestabtaoedthatCpG-stimuW 
acidincarion and NFkB activauon in B cells and monocyus. ,774 ells (2>10< cells/ml, » 
cultured fbr2hr in the presence or absence of chloroquine (2.5 ugtal[<5 uM]) or N-tosyl-L- 
phenyialanine chlorometryl ketone (TPCK; 50 uM,, a serineAbreonine protease inhibrtor th*t 
prevents IkB proteolysis and thus blocks NFitB activation. Cells were then stimulated with the 
s addition of E. c* DNA (EC; 50 ugta.1). calf thymus DNA (CT; 50 US (10 ug/ml), 

CpGODN (1826; 1 uM). or control non^CpG ODN (1911; 1 uM) for 3 hr. WEHI-231 B cells 

(0 1 ug/ml) for 2 hrs and then stimulated with a CpG ODN (1 826), or control oon-CpG ODN 
(191 1' TCCAGGACTTTCCTCAGGTT) at 0.5 uMforShr. In both eases, cells were harvested 

protection assay was performed as described (A.-K. Yi, P. Hornbect, D. E. Lanenz and A. U. 
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H- J tmmL. 157, 491M925 (.996). Comparable counts ofRNA were loaded into each 
ta. by using riboso^a! „RNA a, a loading control (L32). The. experiments were performed 
three u>es with si f' lar results. 

The results indicate that leukocytes respond to CpG DNA through . novel 

my be the transport or processing of the CpG DNA, ft. ROS genenmon, or some other event. 

^^^^^•^^^^^^^^^ 
have not previously been shown to mediate a stimulatory signal in B cells. 

Presumably, there is a protein in or near me endosomes that specifically 

binds the stimulatory CpG oligonucleotides. 

No activation of CREB/ATF proteins was found at time points where NFkB was 

20 ^activated. These da. therefore do »« provide proof fatNFkB proteins acU^yhmd 
,„ to CpG nucleic acids, h„, ramer that the proteins are required in some way for the 
activity It is possible that a CREB/ATF or related protein may interact in some way with NFkB 
proteins or oiher proteins thus explaining the remarkable similarity in the binding motrfs for 
CREB proteins and the optimal CpG motif. 1. remains possMe fat the oligos bmd to . 

25 CREB/ATF or related protein, and that this leads to NFkB activation. 

CD40 is cross-linked. Examples of such TRAP proteins inclndc TRAF-2 and TRAF-5. 
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For use in the instant invention, nucleic acids can be synthesized de novo using 
any of a number of proce4u.es wc„ known in the art. For examp.e, the b-cyanoe*,. 
phosphoramidite method (S.L. Beauca g e and M.H. Capers, .(19.1) I* IM. KM* 

, (1986) M* Res. 14: 5399-5407; Garegg « aL. (.986) I* I* » 4055-4058, Gafflaey 
e, al. (1988) I* I«. 2*2619-2622). These chemistries can be performed by avanety of 

can be prepared from existing nucleic acid sequences <« genomic or cDNA) using known 
.echniques, such as those employing restriction enzymes, exonudeases or endonucleases. 

0 Foruse/nvto.m.cleicaciasarepre^ 

' viaendo-andexo-nudeases). Second s— , such as stem loops, can stabilize nuc.ee 
acids against degrade, A.t=mative.y, nueieic acid aabi.iza.ion can be acco. np hshed vra 
phosphate backbone modifications. A preferred stabilized nucleic acid has at least a paI ^ 
phosphor modiM backbone. Phosphorothioa.es may he synthesized usmg .~*d 

phosphonates can be made ,g. as described in U.S. Patent No 4,469,863, and 

alMphosph.hies.ers < ta «» "~« " **"* " ! it 

Patent No. 5,023.43 and European Paten, No. 0,2,574) can be prepared by automated sohd 

phase synthesis usmg —iaUy avaitoble .sagem, Methods for making other DNA 

2 „ backbone modifications and subsdtuuons have been described (Uhhnann, E. and Peyman A. 

(1990) Che*. *«. 90:544; Goodchild, J. (1990) moca&t*. Chen. 1:165). 2-O-methy. 

acids. In fact, no backbone modifications have been found mat complete* abolish the CpG 
effect, although it is greatly reduced by replacing the C with a 5-methyl C. 
„ For adrmnistmuon i» *», nucleic acids may be associated with a molecule mat 

■ cel.) surfaces and/or increased cllular uptake by targe, cells to form a "nucleic ac,d dehvery 
complex" Nucleic acids can be ionically, or cova.en.ly associaled with appropriate molecules 
using techniques which are we., known in the art. A variety of coupling or crosslinkmg agents 
3 „ can be used „ protein A, carbodiimide, and N-succinimidy,-3-(2-pyrid yl di*io) propionate 
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' (SPDP). Nucleic acid* can alternative* be encapsulated in liposomes or virosomes using well- 

known techniques. 

^ Tr n ,„v. »«, r f fnrr n n f"""'"'""' ^Mr Mi MoMe 

Based on their immunosrimulatory properties, nucleic acid molecules containing 

, -1- „»-^cpoa--^-l-•*»^•«■^ , '*"" ,,- - 

■mumme system deficiency". Alternatively, nucieic acid molecules cntaintag a, leas, one 

lymphocytes can then be re-implanted in the subject. 
n As reported herein, in response to unmethylaed CpO conuining nucleic acid 

n.3 a-10 TNF-a, TNF-P, GM-CSF, RANTES, and probably others. The mcreased 1L-6 
expression was found to occur in B cell,, CD4* T cett, and monocyuc «lls. 

.mmunostimulau-ry nucleic acid molecules can also be administered to a subject 
15 i„ conjunction with a vaccine to boost a subjects — system and thereby effect a ^ 
^ from me vacoine. Preferably the irnmunoaimnlatory nncletc ac. molec .e* 

20 absorption.' 

When the vaccine is a DNA vaccine a, least two components determine its 
efficacy. First, me antigen encoded by the vacoine determines the specificity of the immune 
^nse. Second, if the bactbone of the plasmid contains CpO motifs, it - - 

adjuvant for me vaccme. Thus, CpG DNA an effecUve "danger signal" and causes me 
25 immune system to respond vigorously to new anugens in the area. This mode of acuon 

andotber ••professional" andgen preserving cells, as well as f™ the co-— ry effccts on 
B cells. 
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^o^u^oUgonudeoddesand^UedCpGconUiningvacc.ncs, 

wnl ch directly activate lymphocytes and co-stitmnate an antigen-specific response are 
rln^.^con^adinvan...,— p^-**-.--. 
^injectl alone and ate though. » wo. through absorbing the -gen and then* 

ZnX^y^^^ """"^ 

contributes little to protection, and can even be detrimental. 

taction, an ^snmn^ryongonucleotide can bcadnunistered priory 
with or ate adnata of a chemotherapy or immunotherapy to increase the 

— — — — ^ 

Hover, of the cone narrow through induction of restore cytoKmes such as OM- ^ 
TJZZ acid. aUo increase na*ra, BUT cell lytic activity and antibody dcpende- cellular 
^(ADCC. I nd„e to nof N Kac tf vi,andA D CC m ay ttCTiS ebebene fi c l al,nc«er 

inununottterapy, alone or in conjunction with other treatments. 

mother use of the described inrntunostimulatory nucleic acid molecules is in 
therapy * allergies, which are general, caused * 

, ITassociJwith.L-nandrPM-y. The o^n^or^e of— response,^ a 
r^^inunnnerespcn^andautoinununediseasesby^l Unmnne response. Base on 

resLe (which is protective against allelic pactions), an effective dose of an 

with . allergen can be administered to a subject to treat or prevent an allergy. 

Nucleic acids containing unmemylated CpQ motifs may also have signified 
3„ the^eutic utility in the treatment of asthma. Th2 cytokines, especiaUy UA and .L-5 are 
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action and mas. ceU gtw.1, Tnl cytokines, especial,, !FN- T and .L-12. can suppress the 
fonnation of Th2 clones and production of Th2 cytokines. 

As described in detail in the following Example 12, oligonucleotides containing 
anurunemyl-CpG.no^ 

contro, oligonucleotide (TCCATGAGCTTCCTGAGTCT; SEQ n> NO ,„ prevented^ 

10 aTttresporiseandinducnonofaThlrespor^ 

For use in therapy, an A*. — <* - <*"f*" — osti ™ ta,0ry 

15 , ia a pa,*,. Examples of other rou*s of admmistrauon include in,ecUon (s^c~ 
U.travlus.paren^.—oneat T».b*— b--.«-« 

continuous infusion. 

A nucleic acid alone or as a nucleic acid delivery complex can be administered 
m conjunction win, a phannaceuncally acceptable carrier. As used herein, the phrase 
„ .pharmacy acceptable earned is handed to include «- can be 

to permrm its indicted funcrioa Examples of such carriers include soluttons, solvent 
nispersion media, delay agems, emulsions and me like. The use of such medta for 
phanuaceutically .aive substances ** we.1 known in me ari. An, other convenuonal earner 
25 suitable for use with me nucleic acids Ms within the scope of the instant invenhon. 

The term "effective amount" of . nucleic acid molecule refers to the amount 

. nudeic acid contammg at leus, one numerated CpO for treating an immune system 
deficiency could be mat amount necessary to eliminate a tumor, cancer, or bacterta!, vtral or 
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„ aMtypeofresponse. fc**.-*^" 1 — " 

neutering undue experimentation. 

The present invention is further illusKated by the following Examples, which in 
hou ,a be consul as further limiting. The enure contents of all of the references 

p^Ucattons, cited throughout this application are hereby expressly tncorporated by 

reference. 

EXAMPLES 

B cells were purified from splee. obtained from 6-H w k old specific pamogen 

ia.^Sowellm^pla^m.CK.^MI— ,«FBS0— ««» 

2„ W L-glutama K . ZOuMODNwereadd.da.fnesUulofcuUureforMha.ST C, cell pulsed 
T, fl of B uridine and naxvested and counts 4 to later. Ig secreting B cells were 

! , I o D N. * thymidine incorporauon assays showed simila, results but wrth some 
nonspecific nation by thymidine reused fmm degraded ODN (Matson. S and A* Kneg 



67 



PCT7US97/19791 

WO 98/18810 

•™ of m thymidine incorporation by control oligonucleotides. 
(1992) Nonspecific suppression of H-thymiame ratu y 

^fcena* JtoeanA and Development 2:325). 

*uo m Wn« nf freshlv killed mice were treated with 
Single cell suspensions from the spleens ot tresniy ku 

« of . discontinuous PercoU ^ien. b, the procedure ofDePranco e, * J 
755 1 523 (1982)- These were cultured as described above in 30 //M ODN or 20 g/ml LPS for 
« i 1 number of B eel, actively secreting I* was maximal a. this t.m= pornt, as 
Th FUsno.ass.ynainnran.DMerr.i.y./— /. ««<>6 (1990)). Inthatassay, 

* AL1 Ttoan.it*>diesprc<iucedby^^^ 

oe^thetotalnumberofannbody-sec^^ 

IgM by ELBA, and showed similar increases in response ,o CpG-ODN. 
f .„ r r i» B e , ff i-Wrmifntfrm fry B """" : "' pm 

DBA* B eel, we curuued with no DNA o, 50 ^ of a) Mercccous 
, „ Mens- U NZB/N mouse spleen; and c) NFS/N mouse spleen genomic DNAs for 48 

25 the ELISA-spot assay. 

DBA/2 B cells cutaed with either no additive, 50 Mg/ml LPS or the ODN 
,,4„r4aat20uM. Cells were d.rred^ harvested a, 4. 8,24 and 48 nours. BXSBcens 

experiment, wells with no ODN had 3833 cpm. Each experiment was formed . ,east three 
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times with similar results. Standaid deviate of *= triplicate wells were <5%. 

10 x 10> C57BL/6 spleen cells were cultured in two ml RPMI (supplemented as 

^CU W „NKse««vet M ge.^l m es(Ba.las,Z^et al .a993)/— 

« U » CO, for 4 r, - 3rC Prates were tiien 

II ed and an ali,uo, of tie supernatant counted for radioactivity. Percent specie .ys.s 

^ i .»^---* ,, <»-*-- , - i « , -. ,, "" ,i, "" te- 

Micewereweighedandi.jee^IPwid.O^m.ofs.enUPBSormeindiea^ 

anu-Bla-l (Hardy, R.R. eta}., J. Exp. Med. /J°*.il69(i°84). Two mice were studied for each 
condition and analyzed individually. 

Lmmbji T7Q nr. if PftrrT^^ "™ 1* B CdUtimybtiOL 

B cells were cultured with phosphorothioate ODN with the sequence of control 

44 hr with >H thymidine before harvesting and determining cpm. 

WEHI-231 cells (5 x lOVwell) were cultured for 1 hr. at 37 C in the presence or 

(lM/ml) . Cells were cultured for a further 20 h, before a 4 hr. pulse wrfh 2 ,0/wel H 
U ne. in this expenment, cells with no ODN or anti-I g M gave 90.4 x 103 cpm of H 
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gave similar proton, though with some nonspecific suppression due ,o ODN degrade. 
Each experiment was repeated at least 3 times with similar results. 



tv-i pfe 8: ft vivo Miction of Mmw fl-tf 

DBA* female mice (2 mo, old) were injected IP with 500g CpG or control 
^studied for each time point IL-6 was measured by Bis,, and M — « 

,0 of the assay was 10 pg/ml. Levels were undetectable after 8 to. 

ai „„ rfr „. ^..^ r^n ofMimm IL-i P-wmmim. 
Mice and cell Hm. DBA/2, BALB/c, and OH/HeJ mice at 5-10 wk of age were 
UKO as a source o, lymphocytes. AU mice were otoained from The Meson 1*-^ 

15 oflowa Animal OeUnit. The mouse B cell line CH12.LX was kindly provided by Dr. G. 
Bishop (University oflowa, Iowa City). 

W p«» killed bv cervical dislocation. Single cell 
Cell preparation. Mice were Kiuea uy 

m ^ m were prepared asepticaly from me spleens ft. mice. T cell depleted mouse 
sp„ w«e prepared by using anti-Thy-l, and complement and 
20 lymphocyte M (Cedarlane Laboratories, Hornby. Ontario, Canada) as desenbed (Kneg, A. M. 
I!. (1989) A roie for e^Jogenous rettoviral sequels in the regulation of lymphocyte 
activation./. Immunol. 143:2448). 

ODN °»d DNA. Phosphodiester oligonucleotides (O-ODN) and the backbone 

« a,ti^Unive n i^lowaor f romO P eronTechnologies(Alameda,CA). E. coli DNA (Strain B) 
andca.thymusDNAwcrepu.hased.iomSigma.St.Louis.MO,. A,,DNAandODN«ere 
purified b, exaction with pheno. : chloroform:isoamyl aiconol (25:24:.) and/or ethanol 
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... r mli and calf thymus DNA were single stranded prior to use by boiling for 10 

::Z2. DN lH 2 * S o fDNA ,,3,C fo r 2tote ,XSSC„i*5n M Msa^ 
• •„r^diuuctotidesin£.c 0 liDNA,£ C1 .«DNAw a str=ated»,tl.CpG 

5 „*,*». J Methylated DNA was purified as above, 

nethionine and incubated ovemght at 37 C. Methyta 
Efficiency of methylation was confirmed by J*, n digestton followed b, 

^ T ^US^Lgand^o^calf^usDNAconuinedlesstanZS 

level in ODN was less than nguus 
10 ngofLPS/mgofDNA by Limulus assay. 

incubator 

CeUC^ Mcenswerec.l.uredatsrCinaSr.CO.hunudiEed 
■ , ■ rfmCTM I4640supple m en.edwift 1 «(v/v)hea.inactiv» tt d fetalcalfsentmCFCS), 
mamBmKi m ^ 5 ^ " CpG or non-CpG phosphodiester ODN (O-ODN) (20 m. 

nnN « ODN) (O 5 /xM), or£. co/i or calf thymus DNA. (50 ,*gftnL) at 37 C 

u . „ nre H m inarv studies with titrations. In some cases, ceus wc 
^ S enbasedonp« ^ , )ofnolttal izin Bra .IgGl antibody 

CpGOODNalongw.u.v m ousconcen W «on S (l „ ' ^.osidase 
• . np n -6 ftrvbridoma MP5-20F3) or control raj IgGl mAb to t. cou o g 

20 supenuaantftactionswereanalyzedbyELISAasbelow. 

■* pBS calf thymus DNA (200 ,g/.00 ,1 F—). * coU DNA (200 „g/100 * 

bledbyretrooroi P arw i RNA was prepared from those organs using 

25 spleen, thymus, and bone marrow were removed and RNA was prep 

L^lB(TelWriend^ 

EUSA Flat-bottomed Imxnun 1 plates (Dynatech Laboratories, Inc., Chantilly, 
VA)werecoatedw^ 
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, , c™. Qt lonis MOMncaAonale-bicarbonatcpH 9.6 buffer 
IgM /i-chato specific (5 HhA S.gma, St. Urns, MO) in 

m U N a CO 35 «*. NaHCOj) overnight a. «. The plates were then .ashed w,th TPBS 

0 puHW^.gM^he. Sanme.o.C^wereapprfd^.n IMFB - 

^ of heated ra, anti-ntouse fL-6 —a, — <^ ~ * 
San Die*,, CA) <b*U «■ «* *CS, - <**«»>- — * 

.„ ^mOTlconiugatedavidin^radL^^^ 

The plates were w on was stopped 

„ r • iurY.n 05 MDhosphate-citrate buffer, pH 5.0, tor jumui. 

Wa Krt own,M A )a,490-600nn,. The results- shown in Figures 1 and 2. 

«,«* A sense primer, an -sense primer, and an interna, oUgonuc^de 
«*. for !L-6 were synthesized using published sentences (Montgomery, KA. and M S. 
Til ^.An^sofCO.negene— .during^ ~— ^ 
20 polymerase chain reaction (,. — ) ^ svnutcs, ^ M» «^ 

Thallv as described by Montgomery and DaUman (Montgomery, R.A. and M.S. Daltaan 

(Hayward,CA). Samples y (1991) DNA hybridization in dried gels with 

25 followed by unblot analysts (Stoye. J.P. e, at, (1991) DN J Briefly the 

K l was hybridized . nx>m temped for 30 nun in denawranon buffer (0.05 M NaOH, U 

ma a30min wash in double distiUed water. Thc g e,wasdriedandpr=hybnd,zedat47 

h „ orf5XSSPE 01%SDS)conUiningl0^g/rnlde»a.uredsalmonsperm 
2 hr. hybridization buffer (5X bbi-c, u. 1 /o oi^j 
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n Mi Tnc «1 was hybridized with 2x10' cpm/ml A H*W -d-.abe.ed internal 
^ •* »" y ,. ( ,. CATTrccA cOATITCCCA3^EQ ID. No. 56) overnight 

at 47°C, washed 4 times (2X bbL, u.z /» 
results are shown in Figure 3. 

/zl/well) 

M ,P roii /^ona^.DBAfl m icesp.eenBcell S ( 5 xlO«c=U ! /100 
„ trfwithmedia CpG or non-CpG S-ODN (0.5 a*M) or O-ODN (20 mM) for 24 hr at 

(Packard Instrument Co., Downers Grove, IL). 

lectroporated 

* ot „/ n«394^ l7B-estradiol inhibits expressiuu 
Univ.ofArkansas)(Pottratz,S.T.e/a/.,(1994)ime 

„„ C„G ODN after dectroporation. Chlonunphenicol acetyltransferase (CAT) actmty 
, non-CpG ODN art P ^ (1988) A single pha»-«tract.on assay 

Measured by a solunon assay (Seed, B. and Y. S I ^ 
for chloramphenicol acetyl transfer** actor*. G« 76.271) 16 to. 
results are presented in Figure 5. 

20 P r "" stimulation by CpCj MQtfa 
380A. 380B or 394 DNA synthesizer using shmdard procedures (Beacage and Caruthers 1981) 

25 beta-cyanoed.,1 phosphoratnidtte chemiary. Phosphorodtioate hnlcages w^ 

nidation * four common nucleoside prrtsphoramidices were purchased from AppW 
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• ,t 55°C for 12 hours. The ODN were purified by gel exclusion 
concentra ted _ 5- ^ phQsphorwiithioate ^ were 

introduced by u g nMethodsinMolecu iar Biology: Protocols 

thiophosphor a nudites(W 1 esler,W.T. ef fl/.,(1993)ln 

^An a 1o BS - Synthesis and Properties, Agrawal,S.(ed.),tluraanar 

foriahoursfoUowedbyrev^ephascHPLCpunficaao.. 

b order to '^" ,toSpta,, * i0a,eS K 

. , w honates . -11 as phosphodiesters - ■» teired *-* W ° 
meundphosphonates P " '^^differences ta-thctwo cycles arethe 

to slower taet.cs of coupling (J g 

Tbe siUca gel bound oligomer was heated wid. disul.=d pyndirWcoucentrafcd 
di S soWedin»a«erandch ro r 0 a t o gra pnedo»aG50/50Seph« te co.u m n. 

AS used herein, MW — *> ODN which are phosphodiester. S-ODN are 
..• . m Mified- S-OODN are chimeric ODN in which the central 

S.-O-ODNarechimencODNrnwh, are chimeric ODN in which 

30 modified. The ODN sequences studied (with Cpu oin 
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include 



10 



15 



3D (5" GAGAACQCTGGACCTTCCAT), (SEQ. ID. NO. 14); 
3M (5' TCCATGTCGGTCCTGATGCT) , (SEQ. ID. NO. 31); 

5 (5' GGCGTTATTCCTGACTCGCC), (SEQ. ID. NO. 57); and 

6 (5' CCTACGTTGTATGgSCCCAGCT), (SEQ. ID. NO. 58). 

been tested in the course of these studies. 

Mice DBA^orBXSBmiceobta^^^ 
ME) and maintained under specific pathogen-.ee conditions we, used as a source of 
lymphocytes at 5-10 wk of age with essentially identical result, 

at 37°C in a 5% C0 2 humidified incubator in RPMI-1640 
cells/100 ul/well) were cultured at 37 C in a c 2 experirne nts 

, te dwithlO%(v/v)he a tinactiv a tedfetalcalf Se rum(heatedto65 Cforexpenm 
supplementedwithlOMv/ ; L -glutamine, 50 uM 

n nnN or 56 o C for experiments using only modified ODN), i.-> urvi & 
with O-ODN, or 50 ^ » f c h 24 hr or 48 hr as 

, .thanol 100 U/ml penicillin and 100 ug/ml streptomycui for 24 hr o 

ODN were p«U« * 

nNA were purchased from Sigma (St. Louis, MO). All DNA antt 

2.5 ng of LPS/mg of DNA by Limulus assay. 

^ u nRA/2 C57BU6 (B6)-and congenitally athymic 
Virus-free, 4-6 week old, DBA/2, ^muo K j 
BAL B-Cn, i ce»c re o bl a i „ e< io„co„ traCt « m u Sh U 1 eVe.e tmsAfitofr o m -«,o Ml Ca n ce I 
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Ins ,«u,e (Bethe* MD). C57BU6 SCID mice were bred in the SPF barrier *** - * 
University of Iowa Animal Care Unit. 

Human penphe,. —ear Wed (PBMC) were obtained * 

,,9901 J Immunol 145:1039; Ballas, Z.K. and W. Rasmussen (1993) J. 

and W Rasmussen (1990) «A Immunol, w 

r , ,5017) H«manorn,un„ece» S wereeuhur« 1 a t 5 X 10./well,».3rC 1 na5/.CO, 

humidified atmosphere in 24 p v n , v1039 . and Ballas, ZX and W. 

85-453- Ballas > Z.K.andW.Rasmussen(1990)J./— O /145.1039, andBal 

lW1 w— 150:17), withmedium alone orwithCpGornon-CpGODN at 
Rasmussen (1993) J. Immunol, nu. 

~ ™ with F colt or calf thymus (50 Mg/ml) at J / v. A * 
fte indeed ^een^ -^ ^ ^ a ^ 4 fe ^ 

caleulation<»flyl.cumt ! (LU),lLUwa S aenn Bionwte cular, San 

•r , u Where indicated, neutralizing antibodies aganstlTN-P (Lee B,omo,ec , 

Wls ,ar _ « ^ ri=tZo f eaebo^^ . 

^ :::rr:i: i—, — - ■» — - * 

concentration of 100 U/ml. 

6-8 w«k old C56BU6 miee (from The Jaofcon Laboratory, Bar Harbor, ME) 
Z T Schistosoma mansoui eggs an antigen (Schistosoma manson, egg ^ 

production is known to be an important cause of asthma. 

tt e immune mice' were men treated with oligonucleotides (30,g in 200,1 
^ by i-p-injection), which either contain* an — W- *>J»>J£ 
TCCATOAarTTCCraAOiTr; SEQ .O NO.IO, or dm no, (,*. con. 
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TCCATGAGCTTCCTGAGTCT; SEQ ID NO, „. So* SEA(10, g in 25,1 of saline, was 
linisteredhy intranasal ^«d*.4-H. 

, „ ,„ harvest air-ay and alveolar inflammatory cells. Cytokine levels were 
"TLlava^^ nK—*-*-*****"** 
5 ^« £ — — «* 

paraformaldehyde for histologic examinatton. 

Figure 9 shows ma. when the mice are tnitiany inject with the eggs i.p., and 

of the egg antigen (open triangles). 

.^Innglavag" measured. Bosinoohi. are te type of inflammatory eel, most Cos., 
1 5 associated with asthma. 

<u o there is little effect on the subsequent influx of eosinophils mto 
the initial exposure to the egg, there is lime eneu 

• u . «f <?FA Thus when mice inhale the eggs on days 14 or 21, they 

i ^eineo S i«^lswh»ta™« mtale,lBe88a ° ,i8en0,,day14 - 

Fi8Ure ,2 shows ma, very low doses of oUgonucleotide (< IW can give mis 

protection. 

f ^l3^«ll-^i*-««^ e ^ , * ,l " , ™ l, 

25 ofmeTracylokinen.-4inthelung. 

Figure 14 shows that administration of an oligonucleotide confining an 

11-12, indicating a Thl type of immune response. 
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Figure 15 shows that administration of an ****** 
Y, indicating aThl type of immune response. 

5 C ytokines. 

„a fm m whole blood by standard centrifugation over 
Human PBMC were prepared from whole mooauy 

Cells (5X10^/ml)wereculturedinlOo/o autologous serum in96 well microti 

plateswithCpGorcontroioiigo f nr 4hrinthecaseofTNF-a 
.^fo^iease^pnosphco^o — ^ m^,,^^ 
„ o I 24 M . f br te omercy^e S b= fc res a p^ taK es,^^ 

oligodeoxynucleotide. 

^^ledinmeartwiu^gn^orbeablewasc^usmgnomoreum 

utn eo.mv.tenu of ft. specific -to*— of the inv M »on 

routine experimentation, many eq ,4 hv the following claims. 
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CLAIMS 

We claim: 

and having a formula: 

Line- x.u^— M «- ,N ' +H ' 

„„ e CCG or CGG aimer, and ft. nucteis acid ^uencc . from to, 8-30 bases . 
length. 



2. The 



nucleic acid sequence of claim 1, wherein X, is thymine. 



3. The 



nucleic acid sequence of claim 1, whemnX 2 is thymine. 



4 . Then ucleicacidse q uenceofclaiml,whi C hi S GTC G (T/C)TorTGACOT T . 



5 . Thenucleicacidse q uenceofclaiml,whereinth eSW1 uencei S TGTCG(T/C)T. 



6 . xnenucleicacid^ 

7 . Thenucleicacidsequ^^^ 
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9 . Mi^dn^caW*— g -««.~^^*"*"* 

and having the formula: 

5'NX 1 X 2 CGX 3 X 4 N3' 

*-* «— • "WW— — *" 



10 . TKe^c^^ceofo^^e^^n^^sepa^a.^^ 
consecutive CpGs is thymine. 

„. The nudric acid ^uencecfdaim 9,^X3 and X, ate.hyn.in, 

l2 . A nucieic acid sconce of any of ciain* 1 or 9, herein a. leas, one nuclide has a 
phosphate backbone modification. 

a phosphorothioate or phosphomdithioate modification. 

14 The nucieic acid seouenc. of ciaim .3, wherein ft. phospha* bac*,one modincauon 
occurs at the 5 1 end of the nucleic acid. 
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, 5. The nucleic acid sequence of Cain, 14. wherein the modification occur, a. the first two 



toternucleotide linkages of the 5' end of the nucleic acid. 



16 . The nucleic acid sequence of claim 13 . wherein «te phosphate backbone modification 



occurs 



at the 3' end of the nucleic acid. 



„ ^nuclelcacidseouenc.ofcUurn.e.whereintem^caaonoc^a.dtehs.Sve 
intemucleotide linkages of the 3' end of the nucleic actd. 



« A meutod of siting immune aenvauon in a subJeC wherein the sumulaho. ■ 
suoje* a nucleic acid sequence having the formula of claim 1 or Cam. 9. 



19. The 



method of claim 18, where the subject is human. 



20. 



An^ofsumulaangcytoldn.^ 

subject a nucleic acid sequence having the formula of claim 1 or clann 9. 



21 . The ^«^n^*«^*-**** m *' Pm '°**'* 

IL-6, IL-12, IFN-y, TNF-a and GM-CSF. 



22. . 



The method of claim 20, where the subject is human. 
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23 . The mefcod of dam. 20, where ft. nndcic acid sequcace h seiected from the group 
consisting of: 

TCCATGTCGCTCCTGATGCT , 
TCC ATAACGTTC CTGATGCT , 
TCCATGACGATCCTGATGCT , 
TCCATGGCGGTCCTGATGCT , 

TCCATGTCGGTCCTGATGCT , 

TCCATAACGTCCCTGATGCT , 

TCCATGTCGTTCCTGATGCT; and 

TCGTCGTTTTGTCGTTTTGTCGTT . 

24 Ameth odofsumulaW 

subjectanucleic acid sequence having the formula of claim 1 ordni9. 



25. 



The method of claim 24, where the subject is human. 
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, The ^o^^te^^™^*^^ 

consisting of: 

TCGTCGTTGTCGTTGTCGTT , 

TCCATGACGGTCCTGATGCT , 

TCCATGACGATCCTGATGCT , 

TCCATGACGCTCCTGATC-CT , 

TCCATGACGTTCCTGATGCT , 

TCCATAACGTTCCTGATGCT , 

TCCATCACGTGCCTGATGCT, 

GGGGTCAACGTTGAGGGGGG , 
TCGTCGTTTTGTCGTTTTGTCGTT , 

TCGTCGTTGTCGTTTTGTCGTT, 
GCGTGCGTTGTCGTTGTCGTT , 
TGTCGTTTGTCGTTTGTCGTT , 
TGTCGTTGTCGTTGTCGTT; and 
TCGTCGTCGTCGTT . 

' sobjKlam oleicacids^ e ncch.v i „«*=6m>u 1 a 0 fcten 1 o,c lam 9. 



28. The 



method of claim 27, where the subject is human. 



29 . me n^*^*^*^*^***'*** 1 ***"* 

consisting of: 



TCCTGTCGTTCCTTGTCGTT) , 
TCCTGTCGTTTTTTGTCGTT , 
TCGTCGCTGTCTGCCCTTCTT , 
-TCGTCGCTGTTGTCGTTTCTT , 
TCGTCGTTTTGTCGTTTTGTCGTT , 
TCGTCGTTGTCGTTTTGTCGTT ; and 
TGTCGTTGTCGTTGTCGTT . 
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3„ A nteOtod of s—g ta» action in a subject coding a— ng to a 
nucleic acid sequence acts as an adjuvant. 



31. The 



method of claim 30, where the subject is a mammal. 



32 . me tnefcod ofdaitn 30. where the uudeic acid sequence is se.ec.ed frotnthe group 
consisting of: 



TCCATGACGTTCCTGACGTT , 
GTCG(T/C)T; and 
TGTCG (T/C) T . 



3, A method for treating . W au asmmauc disorder by administering to the 

fonnula of claim 1 or claim 9. 



34. The 



method of claim 33, where the subject is human. 



35 . The method of claim 33, where the nucleic acid seance is 
TCCATGACGTTCCTGACGTT. 



84 



36. 



PCT/IJS97/19791 

WO 98/18810 

^^for^s^biecthavingana—c oro^CpO associated diso* 
m inhMor of cndosoma. add-on in a fin-**, 



37 . The method of claim 36, where the subject is human. 



38. 



39. 



The me*od of Cairn 36, to is se.ec.ed *■ ^ — — " 

bafilomycin A, chloroquiue, and monensin. 

about 10 |iM. 

The methodofCaim 36, wherein the disorder is seiected from the group of 
arthritis, Crohn's disease, Grave's disease and asthma. 



41 . Themethodofciaim^wheremedisorderis^clupuserymemato^. 



40. 
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2. Where no meaningful search could be carried out, specifically: 

The claims embrace an astronomical number of embodiments coupled with negative limitations such that no meaningful 
search of nucletide sequence databanks can be made. For example, claim 1 wherein Nl + N2 is 22-26 embraces about 
36,000,000,000,000,000 embodiments except for those embodiments wherein NI and N2 do not contain CCGG or more 
than one CCG or CGG trimer. 
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